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ABOUT  THIS  REPORT  .  .  . 


Although  plastic  sheet  forming  has  been  carried  on  suc¬ 
cessfully  for  years,  its  potentialities  are  only  beginning  to  be 
widely  recognized;  with  this  in  mind,  it  has  been  called  the 
“sleeper”  of  the  plastics  industry.  Nor  is  the  significance  of 
the  new  sheet-forming  materials  and  methods  confined  to  the 
packaging  field  alone;  as  many  of  the  papers  in  this  volume 
give  evidence,  formed  sheet  plastics  have  been  used  in  the 
fabrication  of  a  wide  range  of  industrial  and  consumer 
products.  For  both  packaging  and  manufacturing  manage¬ 
ment,  therefore,  this  report  is  designed  to  bring  together  in 
a  single  source  authoritative  discussions  of  every  aspect  of 
plastic  sheet  forming:  materials,  methods,  packaging  appli¬ 
cations,  industrial  applications,  and  prospects  for  the  future. 
With  the  exception  of  certain  material  prepared  especially 
for  inclusion  in  this  volume,  all  the  papers  were  originally 
presented  at  a  special  conference  on  “Formed  Sheet  Plastic 
for  Packaging  and  Industrial  Applications”  held  by  AMA’s 
Packaging  Division  at  the  Hotel  Commodore  in  New  York 
City  on  January  6-8,  1958. 
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PART  ONE 


Materials 


Cellulose  Acetate 


WALTER  M.  RONAYNE 

Market  Development  Engineer 
Plastics  Division 

Celanese  Corporation  of  America 
Newark,  New  Jersey 


TN  COMPARISON  with  other  thermoplastics,  cellulose  acetate  has  had 
A  a  relatively  long  history  of  varied  usage  in  the  forming  industry.  It  was, 
in  fact,  one  of  the  first  sheet  materials  used  for  forming.  Any  resemblance 
between  the  cellulose  acetate  sheet  used  20  (or  even  10)  years  ago,  how¬ 
ever,  and  the  types  in  use  today  is  a  matter  of  name  only.  With  increasing 
experience  in  making  this  material  into  sheet,  there  has  been  a  continual 
improvement  of  the  product.  In  addition,  the  far  wider  range  of  plas¬ 
ticizers  and  other  additives  available  today  includes  many  formulas 
specially  developed  for  thermoforming.  Besides  those  available  for 
general-purpose  forming,  there  are  formulas  that  provide  greater  flame 
resistance  and  others  that  are  acceptable  to  the  Food  and  Drug  Adminis¬ 
tration  for  the  packaging  of  food.  Many  converters  also  metalize  and 
flock  cellulose  acetate  for  the  forming  trade. 

Cellulose  acetate  is  made  into  sheet  by  both  the  casting  process  and 
the  extrusion  process;  however,  extruded  sheet  and  roll  stock  is  used 
almost  exclusively  for  forming  applications  because  of  its  superior  forming 
characteristics  and  lower  cost.  Although  cellulose  acetate  can  be  formed 
irom  either  roll  stock  or  cut-to-size  sheets,  there  is  a  growing  trend  toward 
the  use  of  roll  stock  rather  than  sheet  stock  in  order  to  obtain  faster  pro¬ 
duction  at  an  even  lower  material  cost.  Extruded  cellulose  acetate  is 
available  in  a  wide  range  of  gauges,  from  0.003  to  0.25  inch  thick  in 

Went  UIV°  60  inCh?S’  and  in  an  unlimited  range  of  transparent,  trans¬ 
lucent,  and  opaque  colors. 


PROPERTIES  AND  APPLICATIONS 

rhJmLSl’0Pe^°t  !h‘S  P‘Tr  does  not  Permit  a  tengthy  discussion  of  physical 
oW  hi  fnd  electrlcal  properties.  These  data  are  available  in  bulletins 
obtainable  from  various  suppliers.  As  a  supplement  to  the  material  s  n! 

*uieix/r  etmS’  a  b°°k  entitled  Technical  Data  on  Plastics  mihlkhpH  u 
the  Manufacturing  Chemists’  Association,  Inc  is  mc^mended  Tn  l^ 
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est  wit  prototypes  that  are  as  much  like  production  samples  as  possible. 

Among  the  various  applications  for  cellulose  acetate  sheet  are  toys  and 
novelties,  protective  eye  shields,  signs  and  displays,  handbags,  Braille 
paper,  jewelry,  electrical  insulator  caps,  and  food  tray  liners.  By  far 
the  largest  single  application,  however,  is  in  the  vast  field  of  packaging. 
There  is  no  doubt  that  formed  cellulose  acetate  packages  have  made  a 
great  impact  on  the  packaging  and  merchandising  of  many  products,  and 
will  continue  to  make  even  greater  strides  in  the  near  future. 

Between  1954  and  1957,  the  use  of  cellulose  acetate  in  forming  appli¬ 
cations  tripled.  It  is,  in  fact,  the  leading  clear  plastic  material  used  for 
formed-packaging  applications.  There  are  good  reasons  for  this  wide 
acceptance:  It  is  the  lowest-cost  material  in  the  cellulosic  family,  and  its 
toughness  and  clarity  have  been  put  to  good  use  in  many  packaging 
applications.  But  low  cost,  toughness,  and  clarity  alone  are  not  responsible 
for  cellulose  acetate’s  leading  position  in  the  field.  It  is  widely  used 
primarily  because  of  its  great  versatility. 

The  thermoforming  characteristics  of  cellulose  acetate  are  excellent. 
It  is  adaptable  to  all  types  of  forming  techniques  using  mechanical,  atmos¬ 
pheric,  or  air  pressure,  or  any  combination  of  these.  No  specialized 
forming  machines  are  required.  (This  factor  is  especially  significant  in 
view  of  the  many  new  types  of  thermoplastic  materials  coming  on  the 
market.)  Cellulose  acetate  is  also  amenable  to  the  complete  range  of 
sealing  and  cementing  techniques,  including  dielectric,  impulse,  and  heat 
sealing.  Also,  a  wide  variety  of  fast-  or  slow-acting  solvents,  cements,  and 
adhesives  may  be  used  to  achieve  permanent  or  pressure-sensitive  bonds. 

In  addition  to  thermoforming,  cellulose  acetate  lends  itself  readily  to 
fabrication  by  a  number  of  other  techniques,  including  die  cutting  and 
scoring,  punching,  beading,  and  bending.  It  can  be  printed,  hot-stamped, 
or  sprayed.  Recent  formulations  have  improved  cellulose  acetate’s  aging 
and  non-yellowing  characteristics  to  such  a  point  that  the  problem  no 
longer  exists.  All  of  these  features  contribute  to  cellulose  acetate’s  ver¬ 
satility,  which  means  a  great  deal  to  designers  and  production  men,  who 
must  solve  many  special  problems  in  designing  their  packages  or  products 
and  determining  how  the  best  finished  product  can  be  made. 

SOME  LIMITATIONS 

I  believe  that  its  unique  combination  of  desirable  features  makes  cellu¬ 
lose  acetate  the  leading  material  in  the  formed-packaging  field.  This  is 
not  meant  to  imply  that  cellulose  acetate  is  ideally  suited  to  all  forming 
applications  or  is  a  panacea  for  all  forming  problems.  The  fact  is  that, 
like  all  other  thermoplastics,  cellulose  acetate  has  its  limitations.  Limita¬ 
tions,  however,  are  sometimes  relative.  For  instance,  cellulose  acetate  is 
not  generally  used  for  outdoor  applications;  but  the  factor  that  determines 
whether  it  can  be  used  or  not  is  the  length  of  service  desired.  Such  items 
as  outdoor  promotional  displays  and  Christmas  tree  decorations,  which 
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are  not  expected  to  last  more  than  about  four  weeks,  have  stood  up  well 
when  made  of  cellulose  acetate. 

There  are  also  limits  to  the  height  or  depth  to  which  cellulose  acetate 
can  be  formed — limits  which  cannot,  unfortunately,  be  determined  by  any 
pat  rules.  The  first  factor  determining  these  limits  is  the  design  of  the 
part  to  be  formed.  A  two-inch  cube  and  a  hemisphere  with  a  two-inch 
radius,  for  example,  are  equal  in  height,  but  the  hemisphere  would  yield 
a  more  satisfactory  part  using  either  a  male  or  female  mold.  The  second 
factor  determining  these  limits  is  the  forming  technique  involved.  If, 
instead  of  a  plain  male  or  female  mold,  various  assists  such  as  rings,  plugs, 
and  air  pressure  were  used,  better  formings  would  result  with  either  the 
cube  or  the  hemisphere.  The  hemisphere,  however,  would  be  better  than 
the  cube,  for  the  simple  reason  that  the  area  of  the  cube  is  greater  than 
that  of  the  hemisphere.  In  addition  to  these  design  and  forming  considera¬ 
tions,  it  is  also  necessary  to  take  into  account  the  gauge  and  formulation 
of  the  cellulose  acetate  to  be  used. 

In  the  last  analysis,  there  is  no  substitute  for  experience  in  this  matter. 
It  is  suggested  that  this  point  be  discussed  in  relation  to  a  specific  prob¬ 
lem  with  an  experienced  custom  former  or  materials  supplier. 

*  *  * 

As  more  packaging  engineers  and  designers  become  aware  of  the  great 
possibilities  of  the  formed  package  for  both  consumer  and  industrial 
products,  many  new  types  and  designs  will  emerge  because  of  the  versa¬ 
tility  of  this  material.  Forming  techniques  and  packaging  machinery  are 
steadily  improving  and  becoming  more  automatic;  as  a  result,  I  believe, 
the  formed  cellulose  acetate  package  will  some  day  be  as  widely  used  as 
the  folding  carton  and  setup  box  for  many  products. 


Cellulose  Acetate  Butyrate 

VERNON  M.  HOWE 

Cellulose  Product  Sales 
Eastman-Kodak  Company 
Rochester,  New  York 

TN  LARGE-SCALE  commercial  production  since  1938,  cellulose  acetate 
butyrate  (or  just  plain  “butyrate”)  is  widely  accepted  as  an  extremely 
tough,  high-impact-strength,  lightweight,  easily  formed,  weather-resistant 
plastic  material. 

We  call  butyrate  the  “toughie”  of  the  cellulosic  plastics  because  it  can 
stand  up  under  an  extreme  range  of  conditions.  Here  are  two  examples: 
First,  it  is  used  to  make  replaceable  faces  for  impact  hammers  which  day 
in  and  day  out  absorb  grueling  punishment  in  the  tool  room.  At  the  other 
extreme,  1.1 -mil  butyrate  foil  is  laminated  to  aluminum  foil  less  than 
0.5-mil  thick  and  slit  into  strands  one-eightieth  of  an  inch  wide  for 
metallic  yarn.  Not  until  the  advent  of  thin-gauge  butyrate  could  such  a 
yam  be  produced.  Even  after  weaving,  scrubbing,  and  dyeing,  the 
butyrate  metallic  yarn  still  retains  its  brilliance  and  strength.  Woven  into 
automotive  upholstery  fabrics,  it  adds  life  and  sparkle  to  many  of  today’s 
cars. 

This  breadth  of  application  did  not  just  happen;  it  was  the  result  of 
a  planned  development  program  by  men  outstanding  in  the  field  of  cellulose 
chemistry  who  set  out  to  build,  block  by  block,  a  plastic  material  with  a 
carefully  balanced  combination  of  particularly  desirable  physical  proper¬ 
ties.  Starting  with  cellulose  acetate — which  was  already  a.  leader  in  the 
field  of  thermoplastics — these  men  modified  it  to  increase  its  moisture 
resistance  greatly,  provide  higher  impact  strength,  improve  its  solubility 
characteristics,  and  give  it  a  built-in  flexibility  which  would  not  have  to 
depend  upon  volatile  plasticizers.  The  result  is  butyrate  as  we  know  it 
today.  The  table  on  page  12  shows  the  range  of  values  for  physical 
properties  of  butyrate  which  are  of  particular  interest  to  sheet  formers — 
and  which  are  available  today  in  butyrate  sheet. 

So  much  for  what  butyrate  is.  Let  us  consider  now  how  butyrate  is 
made,  what  you  can  do  with  it,  and  what  it  can  do  for  you. 

HOW  BUTYRATE  IS  MADE 

Purified  wood  pulp  in  large  rolls — or  cotton  linters,  after  being  dried 
and  shredded — are  charged  into  an  acetylation  mixer.  Acetic  and  butyric 
acids  and  anhydrides,  plus  a  small  amount  of  sulphuric  acid  to  act  as  a 
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catalyst,  are  then  added.  In  the  ensuing  chemical  reaction,  the  OH  groups 
of  the  cellulose  molecule  are  replaced  by  acetic  and  butyric  groups,  thereby 
forming  cellulose  acetate  butyrate,  which  dissolves  in  the  acid  mixture  to 
form  a  viscous  dope.  After  carefully  controlled  hydrolysis,  the  butyrate 
is  precipitated  in  the  form  of  fibrous  flakes  or  a  white  powder.  Washed 
thoroughly  to  remove  all  acid,  it  is  thoroughly  dried,  then  conveyed  by 
airveyer  (to  prevent  contamination)  to  storage  silos.  At  every  stage, 
control  samples  are  taken  and  rigidly  examined  to  assure  uniformity  from 
batch  to  batch  and  strict  compliance  with  specification  from  year  to  year. 

Huge  sigma  mixers  combine  the  butyrate  powder  with  plasticizers  and 
modifying  agents,  as  well  as  with  dyes  and  pigments  when  required.  This 
mixture  then  goes  to  the  production  rolls,  where  it  is  milled  under  heat 
and  pressure  until  it  becomes  a  plastic  mass  of  taffy-like  consistency.  When 
it  is  thoroughly  homogeneous,  it  is  pelletized,  and  after  traversing  the 
shaker  deck,  where  any  “fines”  are  removed,  it  goes  into  the  drums,  ready 
for  shipment.  Available  in  clear  transparent  as  well  as  more  than  39,000 
colors,  and  in  a  wide  range  of  flows  and  formulations,  butyrate  pellets  are 
used  by  extruders  all  over  the  country  to  produce  butyrate  sheet  from 
0.001  to  0.375  inch  in  thickness  and  up  to  72  inches  wide. 

While  accelerated  fading  and  weathering  tests  are  valuable  laboratory 
tools,  they  are  no  substitute  for  field  tests  conducted  under  the  extremes 
of  weather  encountered  in  actual  use.  Leaving  nothing  to  chance,  produc¬ 
tion  samples  are  regularly  taken  and  exposed  at  continuous  outdoor  test 
stations  which  are  maintained  at  Phoenix,  Arizona;  Ft.  Meyers  Beach, 
Florida;  and  Kingsport,  Tennessee.  By  reflected  light,  a  clear  transparent 
specimen  of  a  butyrate  formula  intended  for  outdoor  use  which  had  been 
exposed  for  four  years  failed  to  reveal  any  significant  surface  deterioration 
in  comparison  with  an  unexposed  sample.  Pigmented  stock,  is,  of  course 

denn,^rH-?S1St^nt  l°  the  effects  °f  sun’  rain>  industrial  fumes,  air- 
deposited  dirt,  and  temperature  changes. 

DISPLAY  AND  INDUSTRIAL  APPLICATIONS 

bu^Steare  ^u‘°mfobile  Association  emblems  made  of  weather-resistant 
butyrate  are  used  from  Maine  to  California;  they  stand  up  under  road 

chemicals  abrasive  dirt,  and  mechanical  shock,  and  because  thev  are 

2™  'hey 'aSt.!,he  Hfe  0f  the  car-  ^  equally  true  of  avil  Defense 

V0LTA0E”dst by  Sllk_sc/ee"in8  on  wh'«e  butyrate  sheet.  Butyrate  “high 

dome,  va^m!fSLdaffom0a080-inhhthed  existence’  either-  The  dear 
inside  and  the  “checkers”  screened  °  th  Utyra! *s  sPray-painted  on  the 
stability  and  resistance  to  industrial  prim/  Excellent  dimensional 

resistance,  account  for  borate's  use  as  add'tlon  «°  “PeHor  weather 
glazing— particularly  for  explosion  •  g,aSS  subsmutc  m  industrial 

ing  glass  could  preLr^s^afety  pfoMem""'005  ^  where  ^ 
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Physical  Properties  of  Cellulose  Acetate  Butyrate 

Property 

Terms 

Range 

Available 

Typical 
Weather- 
Resistant 
Formulation 
in  MH  Flow 

Specific  gravity  . 

20°C/20°C 

1.15-1.22 

1.20 

Elongation  . 

% 

40-88 

54 

Izod  impact  strength  (— 40°F) 

ft-lb/in.  of  notch 

0.4-1.7 

0.9 

(73.4°F) 

ft-lb/in.  of  notch 

0.8-6. 3 

2.0 

Tensile  strength  at 

fracture  (73.4°F)  . 

psi 

2,600-6,900 

5550 

( 158°F)  . 

psi 

1,000-5,700 

2800 

Tensile  strength  at  upper  yield.. 

psi 

1,400-6,200 

4300 

Flexural  strength  at  yield  . 

psi 

1,800-9,250 

6200 

Water  absorption  (24-hour 
immersion)  . 

% 

0.9-2. 2 

1.6 

Distortion  under 
heat  (264-psi  load)  . 

°F 

113-202 

152 

(66-psi  load)  . 

°F 

130-227 

176 

Butyrate  signs  are  a  familiar  sight,  and  their  “snowball  resistance”  is 
one  of  the  unexpected  dividends  reported.  A  corrugated  sheet  of  butyrate 
was  used  for  the  face  of  the  giant  Schlitz  sign  on  Highway  41  near 
Milwaukee.  Extruded  of  translucent  white  butyrate,  the  sheet  has  perma¬ 
nent  luster  as  well  as  excellent  weather  resistance.  Measuring  25  feet  by 
40  feet,  the  sign  face  is  made  up  of  continuous  extrusions  40  feet  long, 
thus  eliminating  the  problem  of  piecing  sheets  together  every  10  feet  as 
was  previously  necessary  with  many  huge  plastic  signs.  The  sign  face  is 
decorated  by  overlaying  butyrate  sheet  in  various  colors  and  may  be 
readily  changed  at  any  time. 

PACKAGING  APPLICATIONS 

Now  let  us  look  at  butyrate’s  role  in  the  packaging  field — in  terms  of 
display,  protection,  and  re-use. 

For  a  Vidicon  tube  selling  for  over  $250,  a  formed  butyrate  insert 
positions  the  tube  and  protects  it  from  movement  in  transit.  These 
vacuum-formed  lids  provide  complete  visibility,  afford  dust  protection 
while  on  display,  and  discourage  pilferage.  They  are  produced  from 
0.015-inch  butyrate  sheet,  in  a  fully  automatic  six-cavity  mold.  Operating 
on  a  30-second  cycle  (including  trimming),  the  average  production  is 
something  over  6,000  pieces  per  eight-hour  shift. 
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Insert  “decks”  permit  cameras  to  be  shipped  lying  down,  yet  provide 
a  firm  support  at  the  proper  angle  for  attractive  display.  These  insert 
decks  are  made  from  0.040-inch  red  butyrate  in  a  12-cavity  mold,  with 
a  47-second  cycle  and  a  production  rate  of  over  7,200  parts  per  shift. 

Plain  butyrate  covers  for  metalized  cases,  providing  protection  and 
all-around  visibility,  are  drawn  in  steel  dies.  Such  post-formed  bases  and 
covers  have  done  much  to  promote  packaging  innovations  pioneered  by 
Sears,  Roebuck  and  Co.  The  colored  base  provides  an  attractive  back¬ 
ground,  and  the  clear  cover  permits  full  visibility.  For  small  parts  or  tools 
sold  in  sets,  the  re-use  angle  should  not  be  overlooked. 

The  razor-sharp  edges  of  rotary  shear  knives  are  protected  during 
storage  and  handling  by  a  telescoping  box  of  butyrate  sheet — providing 
toughness,  transparency,  and  durability  in  use. 

“Skin  packs” — formed  by  drawing  a  thin  transparent  sheet  down 
snugly  around  carded  merchandise — are  the  most  rapidly  growing  means 
of  packaging  small  items.  “Blisters”  or  “contour  packs”  run  a  close 
second.  The  ability  of  butyrate  sheet  to  draw  down  so  as  to  be  practically 
invisible — without  blushing  or  losing  its  toughness — accounts  for  its  wide 
use  for  hardware  items.  In  packaging  fine  drawer  pulls,  for  example,  the 
mounting  screws  are  readily  visible  yet  cannot  scratch  or  mar  the  finish; 
and,  more  important,  the  plastic  sheet  undercuts  the  face  of  the  knob, 
holding  it  securely  in  place.  Thus,  while  the  customer  can  look  directly 
at  the  beautifully  finished  metal  surface,  the  plastic  “rim”  protects  it 
from  abrasion. 

Another  Sears,  Roebuck  “first”  is  the  packaging  of  ignition  repair  kits 
in  blister  packs.  At  first  formed  of  0.010-inch  butyrate,  these  packs 
progressed  by  rapid  stages  to  0.030-inch  material.  Charles  W.  Harper, 
supervisor  of  national  store  planning,  display,  and  packaging  at  Sears, 
has  described  the  almost  unbelievable  sales  jump  which  followed  the 
repackaging  of  these  ignition  sets  in  typical  contour  packs  which  afford 
complete  visibility,  dust-tight  shipment,  and  protection  while  on  display. 
These  packs  are  formed  from  0.015-inch  butyrate,  with  16  and  more 
cavities  per  mold,  without  blush,  completely  trimmed,  and  with  gratify- 
mgly  few  rejects,  at  a  rate  of  more  than  15,000  units  per  eight-hour  shift. 

Blisters  are  particularly  popular  for  packaging  household  items  and 
pharmaceutical  samples.  Though  the  pharmaceutical  sample  is  sometimes 
described  as  “more  package  than  product,”  the  millions  of  samples  sent 
to  physicians  each  year  represent  big  business  for  the  packaging  industry. 

r  Jhie„e£,Se  W“h  ^h‘Ch  butyrate  can  be  formed  and  decorated,  printed 
(  y  etterpress,  offset,  rotogravure,  flexography,  and  silk  screen),  and 

.  [ahzed’  ei.the!:.  bffore  or  after  forming,  is  one  of  the  reasons  it  is  so 
wide  y  used  in  displays  and  dispensers.  The  new  “drive-in”  phone  booths 
developed  by  Bell  Telephone  Laboratories  to  provide  convenient  roadside 
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INDUSTRIAL  APPLICATIONS 

From  these  “glamor”  applications,  let  us  turn  now  to  the  workaday 
world  and  take  a  brief  look  at  some  industrial  applications  of  formed 
butyrate  sheet. 

Polished  butyrate  sheet  has  a  high  surface  finish,  excellent  clarity,  and 
good  optical  properties.  Add  to  these  qualities  high  impact  resistance  and 
ease  of  forming  and  it  should  be  clear  why  butyrate  is  such  a  popular 
material  for  safety  goggles,  dust  guards,  and  inspection  ports  for  process¬ 
ing  equipment  and  control  devices.  In  these  applications,  durability  and 
transparency  are  the  principal  requirements.  Similarly,  a  butyrate  tray 
for  color-photo  finishers  costs  less  than  its  metallic  counterpart  and  per¬ 
forms  better;  it  is  lightweight,  rustproof  under  sustained  high  relative 
humidity,  and  exceedingly  durable. 

Redesign  offers  opportunities  for  improved  appearance  plus  substantial 
savings.  In  a  redesigned  control  panel  front,  for  example,  the  transparent 
butyrate  sheet  permits  checking  of  relay  controls  without  opening  the 
cabinet.  The  previous  panel  front  was  made  of  metal,  which  had  to  be 
spot-welded  and  covered  with  three  coats  of  paint.  The  butyrate  front  is 
one-piece,  transparent — and  one-sixteenth  the  cost.  An  even  bigger  saving 
resulted  from  the  redesign  of  a  split  guard.  As  indicated  by  quotations 
for  80  such  parts  in  welded-metal  construction,  the  butyrate  counterpart 
costs  one-tenth  as  much. 

♦  *  * 

We  have  described  how  butyrate  is  made  and  how  formed  butyrate 
sheet  is  being  used — in  applications  ranging  from  outdoor  “spectaculars,” 
displays,  and  dispensers,  through  luxury  and  “bin”  packaging,  to  strictly 
functional  industrial  uses. 

As  indicated  in  the  table  of  properties,  butyrate  is  not  the  hardest 
plastic  there  is — nor  the  cheapest.  It  does  not  have  the  lowest  moisture 
absorption  rate  nor  the  highest  tensile  strength.  What  it  does  have,  how¬ 
ever,  is  an  outstandingly  good  balance  of  the  particular  physical  properties 
essential  to  the  sheet  former:  toughness,  transparency,  color,  impact  and 
weather  resistance,  tensile  strength,  wide  forming  range,  and  ease  of 
decoration. 

If  you  are  not  already  using  butyrate,  you  owe  it  to  yourself  to  give 
butyrate  sheet  a  chance  in  your  own  plant,  on  the  toughest  job  you  run, 
and  with  yourself  as  the  sole  judge — to  prove  what  butyrate  can  do  for 
you. 


Polyethylene 

W.  M.  RYAN 

Market  Development  Manager 
Polychemicals  Department 
E.  1.  du  Pont  de  Nemours  &  Company,  Inc. 
Wilmington,  Delaware 


POLYETHYLENE  TECHNOLOGY  has  advanced  to  the  point  where 
a  resin  can  be  tailor-made  for  a  specific  application.  One  resin,  for 
example,  combines  good  environmental-stress  cracking  resistance  with 
easy  processability  for  the  production  of  squeeze  bottles.  Other  resins 
have  been  developed  for  use  as  paper  coatings,  for  which  easy  process- 
ability  is  the  prime  requisite. 

The  first  step  in  formulating  a  polyethylene  resin  for  a  specific  purpose 
is,  of  course,  to  define  the  particular  requirements  of  the  application.  In 
attempting  to  formulate  a  resin  for  thermoforming,  this  definition  required 
considerable  technical  effort  at  our  sales  service  laboratory:  A  great  deal 
of  compromising  between  opposing  factors  was  involved  in  the  selection 
of  the  optimum  resin.  Some  of  the  general  properties  of  polyethylenes 
which  initially  aroused  our  interest  in  them  as  thermoforming  materials 
were  (1)  toughness,  even  at  low  temperatures  and  in  thin  sections,  (2) 
freedom  from  taste,  odor,  and  toxicity,  and  (3)  resistance  to  chemical 
corrosion. 


DEVELOPING  AN  OPTIMUM  THERMOFORMING  RESIN 

Several  requirements  are  imposed  on  the  resin  during  the  thermoform¬ 
ing  process.  First,  the  resin  must  permit  rapid,  economical  extrusion  of 
a  sheet  of  uniform  quality  with  a  high  gloss.  Second,  the  sheet  must  not 
sag  unduly  during  the  heating  cycle.  Sag  is  caused  by  two  factors:  thermal 
expansion  and  stretching.  Thermal  expansion  results  from  the  tempera¬ 
ture  rise  in  going  from  room  temperature  to  forming  temperature  (an 
increase  of  approximately  200°F).  Since  the  sheet  is  firmly  clamped  on 
all  four  sides,  this  expansion  (amounting  to  about  2  per  cent)  shows  up 
as  sag.  Sag  also  results  from  the  stretching  of  the  softened  sheet  under 
the  load  imposed  by  its  own  weight.  The  next  requirement  has  to  do 
with  the  matter  of  draw:  When  deeply  drawn  shapes  are  formed,  the  sheet 
must  not  tear  in  the  process.  In  addition,  the  sheet  must  be  capable  of 
reproducing  fine  detail  in  the  forming  mold.  Finally,  the  formed  article 

Hme  *he  m°ld  after  a  minimum  of  cooling 

molF*  ^  f  ShCet  mUS‘  S6t  UP  aS  rapidly  as  possible  in  ,he 
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Density-Stiffness  Relationship 


EXHIBIT  1 


These  requirements  can  be  matched  against  the  three  parameters  that 
govern  all  the  properties  of  polyethylene  resins  to  define  the  optimum 
resin  for  thermoforming.  The  three  parameters  are  ( 1 )  molecular  weight, 
as  measured  by  melt  index,  (2)  crystallinity,  as  measured  by  density,  and 
(3)  molecular-weight  distribution.*  By  re-examining  the  process  require¬ 
ments  one  by  one  in  relation  to  these  parameters,  the  optimum  thermo¬ 
forming  resin  can  be  developed. 

The  ease  of  extrusion  of  a  glossy  sheet  depends  on  the  resin’s  melt 
index;  the  melt  index  thus  must  be  above  a  certain  minimum  value.  The 
sag  caused  by  the  thermal  coefficient  of  expansion  is  not  subject  to  control 
by  variation  in  molecular  structure  within  the  limits  set  by  conventional 
polyethylene  plastics.  On  the  other  hand,  the  sag  that  results  from  stretch¬ 
ing  or  flow  of  the  softened  sheet  under  the  load  imposed  by  its  own  weight 
can  be  controlled  by  changing  the  molecular  structure.  The  lower  the 
melt  index,  the  more  viscous  the  resin  and,  hence,  the  slower  the  rate  at 
which  it  will  sag.  The  first  two  requirements — rapid  extrusion  and  a 
minimum  of  sagging — thus  are  working  in  opposition,  and  a  compromise 
is  necessary. 

High  melt-index  values  are  needed  to  fulfill  the  draw  requirement;  they 
also  help  to  give  the  sheet  the  ability  to  reproduce  accurately  fine  detail 

•  Further  information  on  these  parameters  will  be  found  in  the  author’s  paper,  “Polyethylene,” 
in  Know  Your  Packaging  Materials,  AMA  Management  Report  No.  5  (1958). 
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in  the  mold.  The  less  viscous  the  resin — that  is,  the  higher  its  melt  index 
the  easier  it  is  to  flow  the  sheet  into  the  details  of  the  mold. 

A  different  parameter  comes  into  play  in  the  consideration  of  cooling 
time.  The  greater  the  crystallinity  (or  density)  of  the  resin,  the  more 
rapidly  the  sheet  will  set  up  as  the  temperature  is  lowered.  In  tailoring 
a  resin  for  thermoforming,  however,  the  properties  desired  in  the  finished 
product  cannot  be  overlooked.  Economic  considerations  dictate  the  use 
of  the  thinnest  sheet  commensurate  with  adequate  performance.  Since 
polethylene  is  quite  tough,  even  in  thin  sections,  achieving  adequate  stiff¬ 
ness  is  the  only  significant  problem  in  establishing  the  thickness  necessary 
for  adequate  performance — and  stiffness  is  subject  to  control  by  varying 
the  molecular  structure.  Although  polyethylene  is  in  a  class  by  itself  with 
regard  to  chemical  resistance,  there  are  significant  differences  between 
individual  polyethylene  resins,  particularly  in  their  resistance  to  environ¬ 
mental-stress  cracking — and  this  property  is  also  a  function  of  molecular 
structure. 

The  density-stiffness  relationship  is  a  simple  one:  the  higher  the  density, 
the  greater  the  stiffness.  It  is  impossible  to  forecast  the  stiffness  of  a 
polyethylene  at  a  high  density  on  the  basis  of  knowledge  of  the  density- 
stiffness  relationship  at  a  low  density.  As  shown  in  Exhibit  1,  the  stiffness 
of  a  polyethylene  having  a  density  of  0.96  could  not  be  predicted  by  look¬ 
ing  at  the  lower  end  of  the  graph. 

Resistance  to  environmental-stress  cracking  is  a  function  of  both  the 
melt  index  and  the  molecular- weight  distribution  (Exhibit  2).  The  lower 
the  melt  index  and  the  narrower  the  molecular- weight  distribution,  the 
more  resistant  the  resin  will  be  to  stress  cracking. 

Only  after  weighing  and  balancing  all  of  the  requirements  against  the 
parameters  that  designate  the  properties  of  polyethylene  did  we  emerge 
with  the  ideal  resin  for  thermoforming:  It  has  a  melt  index  of  0.6,  a 
density  of  0.930,  and  a  relatively  narrow  molecular-weight  distribution. 


POLYETHYLENE  THERMOFORMING  TECHNIQUES 

New  techniques  had  to  be  developed  for  thermoforming  this  specific 
resin.  We  believe  that  an  integrated  line  of  continuous  extrusion  and 
thermoforming  offers  the  ultimate  economy  for  really  large-scale  produc¬ 
^rmoforming  polyethylene  it  is  necessary  first  to  recognize  that 
polyethylene  resin  has  a  much  higher  specific  heat  than  many  other 

more  ' fimemiIIg  reST  therefore  re^uires  more  heat— but  not  necessarily 
more  time— to  reach  forming  temperatures.  With  a  double  heater  bank 

J^n.k  above  and  one  below  the  sheet)  having  a  total  heating  densitv 

f,6  kllowat^  Per. sffuare  foot,  heating  time  is  only  0.6  second" Der  ml 
of  thickness.  The  distance  between  the  sheet  and  thp  a  ^  •  • 

portant  only  when  heating  a  sheet  which  if  Lot  the,heater  rods  15  ™- 
bank.  In  such  cases,  the  spaci^f  shol  he  T*  38  ,arge  35  ,he  heater 
part  of  the  sheet  from  “seefng”  t  cold  surface  “  e"°Ug  ‘°  PreVem  any 
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Resistance  to  Environmental-Stress  Cracking 
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EXHIBIT  2 


Three  of  the  more  common  forming  techniques — straight  vacuum, 
drape,  and  plug  assist — can  be  used  with  polyethylene.  The  selection  of 
any  one  of  these  techniques  to  do  a  specific  job  depends  upon  the  nature 
of  the  product  to  be  formed.  Straight  vacuum  forming  is  a  simple  proce¬ 
dure  which  is  widely  applicable  for  items  requiring  a  limited  draw.  The 
hot  sheet,  held  in  the  clamp  frame,  is  brought  into  contact  with  the  top 
of  the  mold.  The  air  trapped  in  the  mold  cavity  is  evacuated  through  the 
vacuum  port,  and  the  sheet  is  drawn  to  shape  against  the  surface  of  the 
cavity,  where  it  is  cooled.  This  process  results  in  a  product  that  has  a 
relatively  thin  bottom  and  relatively  thick  sides,  particularly  at  the  top. 

Drape  forming  also  is  useful  for  items  requiring  a  limited  draw.  Pulling 
the  heated  sheet  down  over  the  plug  and  evacuating  the  entrapped  air 
results  in  the  formation  of  a  piece  that  has  its  material  distributed  in 
*  exactly  the  opposite  manner  to  that  in  straight  vacuum  forming — that  is, 
it  has  a  relatively  thick  bottom,  and  the  sides  are  thin  at  the  top. 

The  wide  difference  in  material  distribution  between  the  two  preceding 
procedures  suggests  a  third  procedure  as  a  compromise  technique:  This 
method  is  known  as  “plug  assist.”  Plug  assist  forming  involves  plug- 
bottoming  first,  then  evacuating  the  remaining  air  from  the  cavity.  We 
have  found  that  we  can  design  a  plug  to  give  almost  any  desired  distribu¬ 
tion  of  material  in  the  finished  part. 
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Once  the  article  is  formed  in  the  mold,  by  any  of  these  procedures,  the 
remaining  step  is  the  removal  of  heat  from  the  formed  shape.  Again 
following  the  dictates  of  economy — that  is,  using  as  short  a  cycle  as 
possible — a  means  of  controlling  the  temperature  of  the  mold  must  be 
provided.  We  have  found  that  temperatures  in  the  range  of  120°F  to 
190°F  yield  the  shortest  cooling  time  possible  without  resulting  in  chilling 
marks.  Polyethylene  is  easy  to  trim  to  final  shape  because  it  does  not 
crack,  and  it  is  easy  to  cut  with  a  sharp  die. 

THERMOFORMED  POLYETHYLENE  AND  THE  CONSUMER 

We  are  convinced  that  there  is  a  market  for  thermoformed  polyethylene 
articles.  Evidence  of  the  existence  of  demand  for  containers  thermoformed 
from  polyethylene  was  recently  turned  up  in  our  national  survey  of 
consumer  preferences.  As  part  of  this  survey,  we  asked  consumers  who 
had  recently  bought  cottage  cheese  what  kind  of  a  container  they  pre¬ 
ferred.  More  buyers  preferred  their  cottage  cheese  in  a  flexible  plastic 
container,  for  the  following  reasons: 

•  Container  can  be  re-used  (62  per  cent). 

•  Container  does  not  break  easily  (40  per  cent). 

•  Container  keeps  product  better  (10  per  cent). 

•  Miscellaneous  reasons  (3  per  cent). 

These  totals  add  up  to  more  than  100  per  cent  because  the  respondents 
were  permitted  to  give  as  many  reasons  as  they  wished.  According  to  the 
results  of  other  surveys  we  have  run,  there  is  a  comparable  consumer 
demand  for  polyethylene  containers  for  the  packaging  of  ice  cream  and 
frozen  foods— and  these  containers  also  can  be  made  by  thermoforming. 


Polyester  (Mylar) 

And  Polyester  Laminates 

J.  J.  STEWART 

Film  Department 

E.  I.  du  Pont  de  Nemours  &  Company,  Inc. 

Wilmington,  Delaware 

f  |  ’HE  WIDE  RANGE  of  physical  properties  required  of  film  to  meet 
today’s  packaging  needs  provides  definite  areas  in  the  marketplace  for 
numerous  types  of  packaging  films.  In  many  instances,  it  is  often  found 
that  the  critical  characteristics  demanded  for  certain  applications  may  be 
distinct  disadvantages  in  other  applications.  For  example,  a  high  degree 
of  permeability  to  air  is  essential  for  the  packaging  of  fresh  produce;  yet 
this  same  property  would  render  such  a  film  useless  for  vacuum  or  gas 
packaging  of  products  such  as  processed  meats  or  cheese.  Thus,  it  is 
evident  that  the  development  of  a  universal  packaging  film  to  meet  all 
packaging  needs  is  virtually  impossible.  This  observation  holds,  in  fact,  for 
the  packaging  field  in  general — including  the  areas  of  skin  and  blister 
packaging  and  other  applications  involving  formed  plastic  sheeting. 

There  are  several  films  which  have  been  used  for  such  purposes  for 
some  time — namely,  cellulose  acetate,  cellulose  acetate  butyrate,  poly¬ 
ethylene,  polystyrene  (including  the  oriented  variety),  vinyl  copolymer 
film,  and  others.  Du  Pont’s  Mylar*  polyester  film  is  a  newcomer  to  this 
list  and,  in  joining  these  materials,  extends  greatly  the  range  of  film 
characteristics  available  to  the  potential  user.  Let  us  consider  briefly  what 
this  film  has  to  offer. 

CHARACTERISTICS  AND  PROPERTIES 

Mylar  polyester  film  is  obtained  from  a  polymer  which  is  synthesized 
from  petroleum  derivatives  by  a  process  of  several  steps.  It  is  a  single 
polymer — polyethylene  terephthalate,  by  name.  It  should  be  pointed  out 
that  this  particular  polyester  was  carefully  selected  from  a  host  of  candi¬ 
date  polyesters,  polyethers,  and  polyamides  because  of  its  unique  balance 
of  physical  properties. 

Since  it  is  a  single  polymer,  no  chemical  additives — plasticizers  in  par¬ 
ticular — are  required  to  give  Mylar  polyester  film  its  strength  and  flexibil¬ 
ity.  Most  polymeric  materials  require  such  treatment  in  order  to  be 
usable  in  film  form,  but  along  with  the  improvements  often  come  certain 


•  “Mylar”  is  a  registered  trademark  of  E.  I.  du  Pont  de  Nemours  &  Company.  Inc.  for  its 
brand  of  polyester  film. 
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undesired  effects.  Specifically,  some  plasticizers  are  lost  rather  easily, 
- a. - i„*:i . —  that  manner,  while  others  are  leached  out 


a  snower  curiam;,  inen,  100,  some  pidbu^i/.ci»  a w 
at  low  temperatures  (as  witness  the  familiar  stiffening  of  plastic  raincoats 
in  winter).  Since  Mylar  polyester  film  is  a  single  polymer  and  does  not 
contain  such  plasticizers,  it  cannot  lose  its  excellent  properties  in  these 
ways. 

The  particular  properties  of  Mylar  film  of  interest  here  are  summarized 
as  typical  values  in  Table  1.  The  film  is  inherently  strong  and  tough,  as 
evidenced  by  its  tensile-,  impact-,  and  bursting-strength  values,  and  by  its 
flex  values.  The  tear-strength  value  is  somewhat  misleading.  It  is  not 
high  in  comparison  with  those  of  a  number  of  other  film  materials — 
polyethylene,  for  example,  with  a  tear-strength  value  of  125  or  higher. 
This  value,  of  course,  refers  to  the  force  required  to  continue  a  tear  already 
started.  By  contrast,  the  initial  tear  strength  of  Mylar  is  very  high,  and 
this  serves  (in  part,  at  least)  to  compensate  for  the  lower  propagation 
value. 

Mylar  polyester  film  retains  its  strength  and  flexibility  over  a  phe¬ 
nomenally  wide  range  of  temperatures:  from  —  80°F  to  -j-300°F.  As 
explained  above,  this  characteristic  results  largely  from  the  fact  that  the 
film  does  not  contain  a  plasticizer.  Further,  Mylar  is  quite  permanent 
from  the  point  of  view  of  dimensional  changes:  It  shrinks  less  than  3 
per  cent  at  temperatures  of  up  to  300°F. 

Within  Du  Pont’s  experience,  the  film  is  virtually  ageless.  There  has 
never  been  detected  any  loss  of  strength,  any  embrittlement,  any  change 
in  impermeability  or  clarity  or,  in  fact,  any  change  resulting  from  exposure 
to  heat,  cold,  wetness,  or  dryness  within  the  range  of  ordinary  human 
exposure.  The  unmodified  film  is  subject  to  some  degradation  upon  ex¬ 
posure  to  direct  sunlight,  however,  but  this  is  of  little  consequence  in 
packaging  applications  or  instances  in  which  the  sunlight  passes  through 

I?”  ™  g  a?S  ,SCrf ens  out  much  of  the  damaging  ultraviolet  wave- 

5  ?  °u  m  Whlch  the  film  is  not  stressed  or  flexed  greatly, 
ylar  has  a  low  transmission  rate  for  moisture  vapor  and  for  such  gases 

indicating  an  upper  limit  of  performancelor'Myl'ar''6™  CaPaWe  °f 

In  these  tests,  150  chain  door  guards  and  m  u, 
packaged  on  commercia, 
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Properties  of  Mylar  Polyester  Film 


Property  Approx.  Value 

Tensile  strength  .  20,000  psi 

Impact  strength  .  60  kg-cm/mil 

Tear  strength  (Elmendorf)  .  15  g/mil 

Bursting  strength  .  45  psi/mil 

Flex  life  (0°F)  .  20,000  cycles 

Elongation  at  break  .  70-130% 

Shrinkage  .  2-3%  at  150°C 

Water-vapor  permeability 

(103°F,  95%  RH  differential)  .  110  g/100  m2/hr/mil 

Oxygen  permeability  (75°F,  one  atmos.  pressure)  .  0.90  g/100  nr/hr/mil 

Solvent  and  oil  resistance  .  Excellent 


TABLE  1 

tion.  The  tests  to  which  these  packages  were  subjected  are  as  follows: 

1.  Shipping  test. 

2.  Hanging  tests: 

a.  Six  weeks  at  room  conditions. 

b.  Six  weeks  at  75 °F  alternately  at  90  per  cent  RH  and  20  per 
cent  RH. 

c.  Six  weeks  at  130°F. 

d.  Six  weeks  at  0°F. 

3.  Vibration  test  (30  minutes  at  0°F). 

4.  Carton  drop  test  at  0°F. 

The  shipping  test  included  more  than  30  separate  handlings  by  Railway 
Express  personnel — and  that  number  is  not  likely  to  be  encountered  even 
on  a  New  York-to-California  shipment. 

In  addition  to  Mylar  polyester  film,  three  commonly  used  films  whose 
performances  are  well  established  were  included  in  these  tests  to  serve  as 
reference  points.  Several  thicknesses  of  each  film  were  used:  0.5  to  2  mils 
for  Mylar,  and  5  to  10  mils  for  the  three  other  films. 

To  summarize  our  test  results,  we  made  the  following  conclusions: 

•  For  many  skin-packaging  applications,  present  materials  are  of  suf¬ 
ficient  durability.  The  major  advantage  Mylar  offers  is  that  it  makes 
possible  the  use  of  considerably  thinner  gauges. 

•  For  really  demanding  jobs — such  as  those  involving  heavy  items, 
rough  handling,  long  shelf  life,  and  especially  low  temperatures— 
thin  gauges  of  Mylar  (up  to  2  mils)  offer  unequaled  performance. 
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Most  packagers  are  accustomed  to  thinking  of  Mylar  polyester  film  in 
terms  of  its  strength,  and  hence  our  conclusions  should  not  be  surprising. 
It  may  be  somewhat  of  a  surprise,  however,  to  note  that  Mylar  is  not 
“out  of  bounds”  as  far  as  price  is  concerned.  Table  2  shows  the  current 
prices  (as  of  this  writing)  of  various  gauges  of  films  used  in  skin  packag¬ 
ing.  Since,  for  a  given  gauge,  the  prices  of  various  films  vary  only  a  cent 
or  two  from  one  to  another,  only  one  set  of  values  was  used  in  preparing 
this  table.  The  values  are  given  in  dollars  per  1,000  square  inches  of  film. 
As  the  table  indicates,  0.5-mil  Mylar  costs  the  least  of  any  gauge  shown, 
and  2-mil  Mylar — the  heaviest  film  we  used  in  our  tests,  and  the  film 
which  no  other  outperformed — is  also  in  a  good  competitive  position. 

Thus,  it  is  evident  that  there  is  a  logical  place  for  Mylar  in  skin  packag¬ 
ing,  along  with  present  materials.  In  certain  cases  it  can  do  a  given  job 
more  economically,  and  in  other  cases  it  can  undertake  packaging  jobs 
previously  impossible  because  no  film  of  the  required  strength  or  per¬ 
manence  was  available. 

A  MYLAR/POLYETHYLENE  COMBINATION 

In  a  few  moments,  we  shall  consider  the  handling  of  Mylar  in  thermo¬ 
forming  operations;  first,  however,  I  should  like  to  mention  another  skin¬ 
packaging  possibility — a  combination  of  polyethylene  and  Mylar  which  is 
being  promoted  by  at  least  one  converter.  In  this  connection,  we  have 
noted  activity  in  the  field  (especially  on  the  part  of  the  converter  in 
question)  which  illustrates  what  seemingly  unlikely  things  can  be  brought 

about  through  some  practical  “blue  sky”  thinking— or  “imagineering  ”  as 
some  have  called  it. 

In  addition  to  the  obvious  advantages  of  strength  and  durability 
derived  from  this  combination,  there  are  several  other  highly  desirable 


Film  Costs  in  Dollars  per  1,000  Square  Inches 

Gauge  (Mils) 

Mylar  Polyester 

Film 

Averages  for 

Other  Films 

0.5 

$0.06 

1 

0.10 

1.5 

0.14 

2 

0.20 

3 

0.38 

$0.12 

5 

0.62 

0.20 

7.5 

0.94 

0.30 

10 

— 

0.42 

TABLE  2 
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features.  Exceedingly  thin  gauges  of  polyethylene  and  Mylar  (as  thin  as 
1-mil  total  thickness)  are  functional.  The  ready  sealability  of  polyethylene 
to  ordinary  cardboard  obviates  the  need  for  special  adhesives;  and,  since 
no  adhesive  is  required,  it  is  not  necessary  to  perforate  the  cardboard 
stock — another  saving.  Further,  since  the  Mylar  polyester  film  surface  is 
glossy,  ordinary  patent-coated  cardboard  without  special  gloss-promoting 
coatings  is  sufficient.  Thus,  this  lamination  is  an  extremely  durable  ma¬ 
terial  which  offers  real  economies,  both  in  itself  and  in  combination  with 
other  materials. 

There  appear  to  be  a  number  of  interesting  possibilities  in  using  this 
lamination — “POMV”  as  the  manufacturer  refers  to  it  to  designate 
“Poly-on-Mylar  Vacuumized.”  The  manufacturer  has  skin-packaged  onto 
kraft  paper,  rather  than  onto  cardboard,  with  excellent  results.  And  he 
further  suggests  that,  if  the  paper  were  adhered  subsequently  to  the  bottom 
of  a  box,  there  would  result  a  unique  hang-up  display  item.  Also,  a  die- 
cut  box  bottom  might  be  employed  initially  in  the  skin-packaging  step, 
making  it  necessary  only  to  raise  the  sides  and  place  the  cover  in  sub¬ 
sequent  operations. 

Some  other  interesting  potential  applications  of  this  film  come  pretty 
close  to  conventional  blister  packaging — I  refer  here  to  the  use  of  pre¬ 
formed  contour  units  which  might  be  called  “skin  blisters.”  These  might 
be  pictured  thus:  The  Mylar/polyethylene  material  is  drawn  down  and 
formed  over  a  male  mold  which  protrudes  through  die-cut  cardboard 
material.  This  operation  is  similar  to  vacuum  forming  (except  that  the 
blister  is  adhered  to  the  cardboard)  and  also  to  skin  packaging  (except 
that  a  mold  is  used  rather  than  some  item).  Blisters  attached  to  a  card¬ 
board  base  result  which  are  collapsible  for  shipment  and  are  ready  for 
quick  and  easy  loading  of  the  product. 

A  variation  upon  this  idea  affords  complete  visibility  of  the  item  in 
a  durable  hang-up  package.  In  this  instance,  the  manufacturer  of  the 
POMV  materials  suggests  making  two  blisters  (one  for  each  side  of  the 
item)  on  adjacent  pieces  of  die-cut  cardboard,  which  then  become  hinged 
when  the  film  is  drawn  down  and  the  blister  formed.  In  the  subsequent 
packaging  operation,  the  item  is  inserted  into  the  blister  on  one  board, 
following  which  the  other  board  with  the  mating  blister  is  drawn  around 
to  enclose  the  item.  A  staple  then  completes  the  closure. 

This  skin  blister  concept  has  been  carried  one  step  further:  If  a  flange 
or  lip  of  film  were  left  on  all  sides  of  the  hinged  cardboard  pieces  of  the 
preceding  unit,  the  flanges  could  be  heat-sealed  together  in  the  final 
packaging  operation  to  result  in  airtight  seals  capable  of  providing  the 
protective  levels  required  for  some  (especially  military)  packaging  ap¬ 
plications. 

HANDLING  CONSIDERATIONS 

A  detailed  description  of  handling  techniques  is  beyond  the  scope  of 
this  paper.  A  considerable  amount  of  information  dealing  with  experience 
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in  this  area  has  been  accumulated,  however,  and  is  available  from  equip¬ 
ment  manufacturers,  adhesives  suppliers,  and  Du  Pont. 

With  regard  to  materials  for  adhering  Mylar  polyester  film  to  card¬ 
board,  however,  it  might  be  observed  that  at  least  five  out  of  75  such 
materials  screened  in  the  Du  Pont  laboratories  passed  the  severe  per¬ 
formance  tests. 

Many  people  saw  Mylar  polyester  film  during  some  of  the  early  evalua¬ 
tion  work  in  the  field.  These  early  trials  were  not  unqualified  successes. 
During  the  evaluation  period,  it  was  learned  that  the  unusual  resistance  of 
Mylar  to  high  temperatures  is  not  entirely  a  blessing,  for  it  means  that 
higher  forming  temperatures  and  carefully  controlled  temperature  ranges 
are  required.  To  state  it  in  other  terms,  at  conventional  temperatures  the 
pressure  of  the  atmosphere  is  insufficient  to  form  the  Mylar  as  precisely 
as  is  desired,  especially  with  the  heavier  gauges.  Once  again  the  equip¬ 
ment  manufacturers  have  come  to  the  rescue — this  time  with  their  devel¬ 
opment  of  forming  equipment  utilizing  both  vacuum  and  positive  pressure 
simultaneously.  These  developments  are  already  applicable  to  forming 
rigid  or  semi-rigid  items  of  Mylar  and  could  be  adapted  to  skin  and 
blister  operations. 

Thus,  the  thinner  gauges  of  Mylar  can  be  handled  on  existing  equip¬ 
ment  for  all  products  to  be  skin-packaged  except  those  requiring  very 
deep  draws  or  unusually  intricate  conformity.  For  these  exceptions,  and 
for  the  heavier  gauges  of  Mylar,  the  newer  pressure-vacuum  equipment 
would  be  more  satisfactory. 

While  on  the  subject  of  forming,  it  might  be  appropriate  to  mention 
some  of  the  rigid  structures  obtainable  through  the  use  of  Mylar  polyester 
either  alone  or  in  lamination  with  various  other  formable  materials. 
As  mentioned  above,  thin  gauges  are  suitable  for  vacuum  forming,  while 
heavier  gauges  come  out  better  with  the  pressure-vacuum  equipment.  In 
general,  under  appropriate  conditions,  Mylar  and  laminations  of  Mylar 
can  be  shaped  by  conventional  plastic-  and  metal-forming  methods,  in¬ 
cluding  punch  and  die  forming,  spin  forming,  and  hydroforming.  This  is 
true  of  Mylar/metal  laminations  as  well.  Such  materials  have  been  shaped 
successfully  even  at  room  temperatures. 

When  used  as  an  outer  layer.  Mylar  gives  the  resulting  structure  its 

i.rnn„e„Xs,  en‘  ChemiCa'  reSis,anCe’  its  bamer  characteristics 

lTTrng  pi?pertles’  and  so  forth.  Mylar  can  be  used  as  it  is  or  in 

rpossTble  TohT  "  °r  Pri"ted’  °r  after  bei"S  deIus‘ered.  Thus,  it 
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opportunities  for  cost  reduction.  ^  °  *  m  gauges  of  Mylar  offers  real 
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The  logical  film  and  the  most  practical  thickness  to  use  are  determined 
by  product  weight,  shape,  and  size;  shipping  methods;  display  techniques; 
storage  conditions;  and  the  length  of  life  desired.  There  are  many  who 
are  prepared  to  help  the  manufacturer  or  packager  evaluate  these  factors 
and  arrive  at  the  right  materials.  Du  Pont’s  Sales  Development  and 
Technical  Service  Laboratory  at  Chestnut  Run  specializes  in  just  this  sort 
of  thing.  Contract  packagers,  converters,  materials  suppliers,  and  equip¬ 
ment  manufacturers  likewise  offer  assistance.  We  have  no  doubt  that  the 
imagination  and  ingenuity  of  the  many  people  concerned  with  these 
problems  will  result  in  new  ideas  and  methods  which  will  utilize  this 
exceptional  film  to  accomplish  jobs  heretofore  not  possible  with  films. 
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np  HE  TERM  “impact  polystyrene”  covers  a  rather  broad  range  of 
materials.  Before  discussing  the  various  properties  and  end  uses  of 
these  materials,  however,  let  us  consider  their  general  make-up. 

The  building  block  for  almost  all  impact  polystyrene  is  unmodified 
polystyrene,  which  is  rigid,  transparent,  and  somewhat  brittle.  To  in¬ 
crease  its  heat-distortion  temperature  and  toughness,  this  base  may  be 
modified  through  chemical  reaction,  alloying,  or  simple  mechanical  mix¬ 
ture  with  other  plastics  or  rubbers.  Its  chemical  resistance  may  also  be 
increased  by  combining  it  with  other  materials;  when  such  combinations 
are  impact  formulations,  however,  they  are  usually  classified  as  ABS-type 
plastics,  which  are  discussed  elsewhere  in  this  section.  The  addition  of 
rubber  to  unmodified  polystyrene  or  polystyrene  copolymers  will  slightly 
decrease  its  rigidity  and  transparency  but  will  greatly  increase  its  tough¬ 
ness.  There  is  great  flexibility  in  the  amount  and  types  of  rubber  added 
to  the  various  base  materials,  which  makes  it  possible  to  obtain  an  opti¬ 
mum  balance  of  properties  for  specific  end  uses. 

Quantity-purchase  prices  of  the  base  materials  in  powdered  or  granular 
form  start  from  about  24  cents  a  pound  for  the  unmodified  or  high-heat 
materials  and  go  as  high  as  32  to  35  cents  a  pound  for  high-impact  formu- 
lations,  with  a  range  of  medium-impact  formulations  in  between.  Extra- 
high-impact  materials  are  priced  as  high  as  40  cents  a  pound.  Sheet  stock 
made  from  these  formulations  costs  at  least  15  cents  a  pound  more  than 
materials.  Processing  costs  vary  greatly,  depending  upon  whether 
the  sheet  is  cast,  extruded,  or  calendered. 

thJhe  ^CCef  of  thefe  imPact  materials  has  been  largely  responsible  for 

materials^hevTr  hSalCS  “  the  polystyrene  market.  As  molding 
atenals,  they  have  been  widely  used  in  industrial  equipment  and  Darts 
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doubtedly,  the  success  of  the  impact  polystyrenes  in  these  various  markets 
is  attributable  largely  to  their  unique  combination  of  properties. 

PROPERTIES  AND  CHARACTERISTICS 

Rigidity.  Plastic  materials  generally  represent  a  compromise  between 
rigidity  and  brittleness,  on  the  one  hand,  and  flexibility  or  toughness  on 
the  other.  The  addition  of  rubber  to  general-purpose  polystyrene  trans¬ 
forms  this  somewhat  brittle  material  into  one  which  has  the  necessary 
toughness  for  many  industrial  and  packaging  applications.  Yet,  because 
the  material  does  retain  most  of  the  rigidity  of  general-purpose  polystyrene, 
only  a  minimal  amount  is  required  to  provide  the  structural  strength  and 
stiffness  called  for  in  many  applications.  If  we  consider  the  rigidity 
achieved  per  dollar,  it  is  easy  to  see  why  impact  polystyrene  has  gained 
such  wide  acceptance  as  a  structural  material. 

Dimensional  Stability.  There  are  many  reasons  why  plastic  materials 
change  dimensionally  over  a  period  of  time.  Taking  each  of  these  into 
consideration,  polystyrene  is  seen  to  have  excellent  dimensional  stability. 
Because  it  is  essentially  unplasticized,  the  material  includes  no  volatile 
agents  which  might  leave  it  upon  aging  and  thus  cause  shrinkage.  The 
rate  of  moisture  absorption  of  rubber-modified  polystyrenes  varies  with 
the  amount  of  rubber;  in  most  cases,  however,  it  is  quite  low,  so  the 
material  suffers  little  or  no  swelling  or  expansion  upon  exposure  to 
moisture. 

Aging  Characteristics.  The  polymers  themselves  are  quite  stable  under 
ordinary  indoor  lighting.  The  effects  of  normal  atmosphere  are  generally 
slight,  and  after  the  short  time  required  to  achieve  a  condition  of  equi¬ 
librium  the  materials  retain  their  functional  properties  indefinitely.  Again, 
since  there  is  some  variation  between  different  formulations,  the  materials 
supplier  should  be  consulted  for  specific  information.  Exposure  to  strong 
ultraviolet  light  or  sunlight  over  a  period  of  several  months  will  degrade 
these  materials  noticeably  unless  special  formulations  are  used. 

Toughness.  Toughness,  as  measured  by  impact  strength  and  elongation, 
varies  directly  with  temperature.  Without  exception,  the  rubber-modified 
polystyrenes  decrease  in  toughness  with  a  decrease  in  temperature.  How¬ 
ever,  the  material  retains  its  functional  characteristics  at  —  20°F,  as 
evidenced  by  the  great  amount  of  impact  polystyrene  used  in  ice  cream 
containers  and  door  liners  for  freezer  chests. 

Heat  Distortion.  Generally  the  material  will  withstand  heats  of  175°F 
without  distortion,  and  certain  formulations  can  be  used  at  temperatures 
exceeding  200°F. 

Chemical  Resistance.  Polystyrene  base  materials  are  resistant  to  a 
wide  variety  of  acids,  alkalies,  and  alcohols,  but  are  generally  susceptible 
to  aromatic  hydrocarbons  and  essential  oils.  They  are  resistant  to  most 
food  products,  including  fats  (unless  stored  in  stressed  containers). 
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Taste  and  Odor.  In  its  unmodified  form,  polystyrene  has  essentially  n 
taste  and  odor.  Taste  absorption  is  generally  not  a  problem  with  the 
modified  formulations;  upon  separating  containers  which  have  been 
stacked  together  and  allowed  to  stand  for  long  periods,  however,  there 
may  be  slight  evidence  of  odor.  Again,  this  characteristic  varies  grea  y 
among  the  formulations  available. 

Moisture  and  Gas  Transmission.  Moisture-vapor  transmission  rates  for 
impact  polystyrenes  are  in  the  middle  range  for  common  plastic  materials 
and  vary  inversely  with  wall  thickness.  Rates  are  noticeably  lower  than 
those  for  cellulose  acetate  but  higher  than  those  for  unplasticized  polyvinyl 
chloride,  polyethylene,  or  saran.  Gas  transmission  rates  do  not  correlate 
with  moisture-vapor  transmission  rates.  The  rates  for  impact  polystyrenes 
are  generally  in  the  same  range  as  those  for  polyethylenes  and  some  cellu¬ 
lose  acetates  but  are  much  higher  than  those  for  unplasticized  polyvinyl 
chloride  or  saran. 


FABRICATION  METHODS 


The  ease  with  which  impact  polystyrene  can  be  fabricated  has  been 
an  important  factor  contributing  to  its  wide  commercial  usage.  The 
material  lends  itself  to  a  variety  of  heating  and  forming  techniques,  includ¬ 
ing  vacuum  forming,  pressure  forming,  and  matched-die  forming.  It  can 
be  trimmed  with  conventional  shearing-type  dies,  knife-edge  dies  (includ¬ 
ing  steel-rule  or  “clicker”  dies),  and  hot  dies.  By  far  the  most  widely  used 
method  of  fabrication  is  a  combination  of  radiant  heating,  vacuum  form¬ 
ing,  and  shearing  or  knife-edge  trimming. 


Heating.  As  a  non-crystalline  material,  polystyrene  has  no  sudden 
melting  or  softening  point  and  can  be  formed  within  a  wide  range  of 
temperature.  Impact  materials  are  generally  formed  at  temperatures  from 
240°F  to  325 °F,  and  slight  variations  in  temperature  across  the  sheet 
have  little  effect  on  forming. 


Forming.  Within  its  wide  forming  range,  polystyrene  will  draw  dis¬ 
tinctly,  giving  detailed  reproduction  of  the  mold  surface.  The  shrinkage 
upon  cooling  is  uniform  (generally  0.005  inch  per  inch)  and  is  slighter 
than  that  of  more  crystalline  materials  such  as  polyethylene.  Any  of  the 
conventional  vacuum  forming  methods  may  be  used  on  impact  poly¬ 
styrenes.  Simple  cavity  forming  is  adequate  for  shallow  draws  with 
rounded  corners;  in  deep  draws,  thinning  will  be  excessive. 

Drape  forming  will  result  in  better  material  distribution  and  is  used 
ex  enswe  y  or  refrigerator  inner  door  liners  and  other  rectangular  parts 
with  some  taper  on  the  side  walls.  The  material  tends  to  develop  drag-off 
tnn  nfS  lght  fCaUSed  by  unequal  materials  distribution— near  the 

nartc  ^  emg  fori^ed*  A  slight  wall  taper  must  be  incorporated  if 

upon  cooling  *  ^  “nCe  they  tend  t0  shrink  down  on  the  mold 
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For  many  shapes,  plug-assist  forming  provides  the  best  material  dis¬ 
tribution  and  eliminates  the  problem  of  drag-off  lines.  In  this  technique 
a  plug  is  used  to  force  the  material  into  a  cavity-type  mold  before  the 
vacuum  is  applied.  Here,  vertical  side  walls  may  be  used  in  the  cavity, 
since  the  material  shrinks  away  from  the  mold  upon  cooling. 

Since  polystyrene  may  be  blown  into  a  bubble,  techniques  using  a 
blowing  action  (such  as  AirSlip  or  vacuum  snapback)  may  also  be  used. 

Trimming.  The  impact  strength  of  the  material  is  sufficient  to  permit 
accurate  shearing-die  trimming  with  clean  edges.  Knife  trimming  may 
also  be  performed  on  thicknesses  up  to  0.050  inch. 

Surface  Treatment.  Ordinarily,  the  surface  of  formed  impact  poly¬ 
styrene  parts  is  naturally  a  slightly  textured  matte.  If  a  gloss  is  desired, 
it  may  be  obtained  by  laminating  a  1-  to  2-mil  film  of  oriented  polystyrene 
to  the  sheet  immediately  after  extrusion.  A  similar  effect  may  also  be 
obtained  by  heating  the  surface,  allowing  it  to  melt,  and  fusing  it  with  a 
glasslike  material.  Although  these  treatments  add  gloss  and  ease  of 
cleaning,  they  result  in  a  slight  loss  in  physical  properties.  It  is  also  pos¬ 
sible  to  laminate  certain  polyester-type  films  to  impact  polystyrene  imme¬ 
diately  after  extrusion.  Since  an  adhesive  must  be  used  in  this  process, 
it  is  somewhat  more  difficult  to  achieve  a  satisfactory  bond.  When  a 
satisfactory  bond  is  obtained,  however,  the  resulting  surface  has  superior 
resistance  to  chemicals  and  abrasion. 

Heat  Stability.  Impact  polystyrene  has  excellent  heat  stability  and  may 
be  exposed  to  fabrication  temperatures  for  long  periods  without  serious 
polymer  degradation.  Thus,  it  is  possible  to  grind  the  trim  from  formed 
impact  polystyrene  parts  and  reprocess  it  into  flat  sheet.  For  best  results 
it  is  recommended  that  the  ground  trim  be  blended  with  virgin  material. 
The  blend  should  not  contain  more  than  50  per  cent  reprocessed  material. 

For  fabricating  certain  sizes  and  shapes,  the  forming  process  is  better 
suited  than  other  methods  (such  as  injection  molding).  With  large-area 
parts  such  as  inner  door  liners  or  display  signs,  for  example,  the  forming 
process  provides  significant  savings.  Forming  has  also  shown  itself  to  be 
advantageous  in  the  fabrication  of  lightweight  thin-walled  containers.  Such 
containers  can  be  made  on  multiple-cavity  molds  using  continuous-form¬ 
ing  techniques  for  less  than  they  can  be  by  injection  molding.  This  cost 
advantage  is  particularly  significant  in  fabricating  such  single-service  items 
as  hot-drink  cups,  sundae  dishes,  and  meat  service  trays.  Although  the 
formed  parts  do  not  have  the  fine  detail  and  surface  finish  characteristic 
of  their  injection-molded  counterparts,  they  do  possess  an  added  degree 
of  toughness.  For  example,  thin-walled  ice  cream  containers  vacuum- 
formed  of  the  same  material  and  with  the  same  wall  thickness  as  injection- 
molded  containers  are  many  times  superior  in  falling-ball  impact  strength 
at  low  temperatures.  Because  of  this  increased  toughness,  there  is  a  trend 
toward  the  use  of  medium-impact,  lower-priced  materials — or  thinner 
wall  sections  of  the  high-impact  materials — among  some  fabricators  of 
single-service  containers. 
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*  *  * 

In  summary,  then,  the  impact  polystyrenes  are  low-cost  materials  whose 
characteristic  properties  may  be  balanced  to  meet  the  needs  of  a  wide 
range  of  applications.  This  combination  of  properties,  together  with  the 
ease  with  which  the  materials  can  be  fabricated,  suits  them  well  for  indus¬ 
trial  applications  requiring  structural  strength  and  stability,  and  for  single¬ 
service  packaging  applications  where  low  cost,  rigidity,  and  toughness  are 
the  requisites. 


Oriented  Polystyrene 

C.  N.  SPRANKLE 

Sales  Manager,  Film  and  Sheet  Division 
Plax  Corporation 
Bloomfield,  Connecticut 

A  LTHOUGH  much  success  has  been  achieved  in  the  plastic  sheet- 
forming  field,  we  are  still  on  the  outside  looking  in  as  far  as  true 
mass  volume  is  concerned.  The  primary  reasons  for  this  are  the  relatively 
high  cost  of  sheet  plastic  (particularly  in  heavy  sections)  and  the  need 
for  high-speed  automatic  machinery  for  forming,  filling,  and  closing  the 
packages.  In  the  light  of  these  facts,  I  should  like  to  discuss  a  clear, 
rigid  plastic  sheet  that  has  the  exciting  potential  of  mass  marketing  for 
plastic  packaging:  biaxially  oriented  polystyrene.  Development  of  the 
appropriate  automatic  machinery  is,  of  course,  a  prerequisite.  Although 
this  discussion  will  deal  with  packaging  in  general,  we  at  Plax  are  pri¬ 
marily  interested  in  the  fabulous  field  of  food  packaging. 

A  MATTER  OF  MOLECULES 

Biaxially  oriented  polystyrene  is  an  entirely  different  type  of  material. 
The  manufacturing  process  overcomes  certain  deficiencies  in  the  raw 
material  (without  additives)  and  provides  a  tough,  dimensionally  stable 
plastic  sheet.  A  biaxially  oriented  plastic  sheet  is  one  that  has  been 
stretched  to  predetermined  ratios  in  both  transverse  and  longitudinal 
directions  under  rigidly  controlled  temperature  conditions.  These  ratios 
are  roughly  three  to  one  in  each  direction,  thus  resulting  in  a  sheet  whose 
area  is  increased  approximately  nine  times  and  whose  thickness  is  de¬ 
creased  to  one-ninth  that  of  the  extruded  sheet  or  slab.  This  stretching 
pulls  the  viscous  mass  of  molecules  from  a  random  arrangement  into  a 
more  orderly  pattern,  which  becomes  permanent  as  the  sheet  cools. 

In  this  newly  imposed  pattern,  the  axes  of  the  molecules  become  more 
nearly  parallel  to  the  surface  of  the  sheet.  The  long  molecules  are  un¬ 
tangled  and  elongated,  and  assume  an  alignment  more  nearly  in  the 
direction  of  stretch.  This  untangling,  stretching,  and  two-directional 
alignment  of  the  polystyrene  molecules  gives  greatly  increased  tensile 
strength  and  toughness  to  polystyrene  in  thin  film  and  sheet  form;  thus 
the  relatively  brittle  polystyrene  is  converted  into  a  tough,  usable  film 
or  sheet. 

Why  is  all  this  so  important?  Perhaps  the  best  way  to  answer  this  ques¬ 
tion  is  to  consider  the  basic  properties  of  the  raw  material,  polystyrene, 
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with  particular  emphasis  on  the  relation  of  these  properties  to  packaging. 
The  salient  physical  properties  of  polystyrene  include  the  following: 

•  Sparkling  clarity. 

•  No  water  absorption. 

•  Excellent  dimensional  stability.  (Polystyrene  will  not  warp,  twist, 
buckle,  or  shrink  excessively  under  humid  or  dry  conditions  in  tem¬ 
peratures  ranging  from  sub-zero  to  175°F  and  higher,  depending  on 
the  formulation  used.) 


•  Excellent  aging  stability.  (Polystyrene  is  an  entity  in  itself,  with  no 
plasticizers  added,  and  has  excellent  resistance  to  embrittlement  and 
discoloration  in  normal  indoor  usage.) 

Certain  other  properties  of  polystyrene  are  particularly  significant  for 
packaging:  It  is  odorless,  tasteless,  non-toxic,  and  grease  resistant.  Poly¬ 
styrene  also  is  acceptable  to  the  Food  and  Drug  Administration  as  a 
packaging  material  for  food  and  medicinal  products.  In  addition,  it  has 
the  following  economic  advantages  for  use  as  a  packaging  material :  Its  low 
specific  gravity  (1.05)  results  in  10  to  25  per  cent  greater  yield  per  pound 
than  can  be  obtained  with  other  clear  plastic  sheet  materials;  its  high 
rigidity  permits  the  use  of  thinner  sections,  where  lack  of  toughness  is 
not  a  prohibitive  factor  to  its  use;  and  it  is  the  lowest-priced  clear  thermo¬ 
plastic  material  available  today. 


Polystyrene  is,  therefore,  an  excellent  clear-plastic  raw  material  for 
packaging,  except  for  its  brittleness  in  thin  sections.  This  weakness  pre¬ 
vents  broad-scale  utility  or  commodity  usage  of  this  excellent  material— 
but  this  is  where  we  come  to  the  importance  of  biaxially  oriented  poly¬ 
styrene.  By  biaxial  orientation  we  overcome  this  one  deficiency  and 
provide  the  excellent  properties  of  polystyrene  in  a  tough,  usable  form 
in  commercially  available  gauges  from  0.001  through  0.020  inch. 

At  this  point,  we  are  prepared  to  make  a  bold  statement:  If  there  is 
to  be  a  clear,  rigid,  commodity  plastic  package  in  the  foreseeable  future 
it  will  be  attained  by  the  use  of  biaxially  oriented  polystyrene.  This 
statement  is  strengthened  by  our  belief  that  both  polystyrene,  as  the  raw 
material,  and  biaxial  orientation,  as  the  process,  can  be  expected  to  show 
declining  costs— and  declining  sales  prices— in  the  future.  Thus  the 
xcellent  quality  and  low  cost  of  oriented  polystyrene  place  it  in  an  envi¬ 
able  position  for  rapid  growth  in  packaging. 


INHERENT  PROBLEMS 

styrene  inmore  wh*  -n’t  oriented  poly- 

who  have  worked  with  this  material  ^It  is  A?  1S  obvious  to  those 
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quired  in  order  to  use  it.  All  this  demands  extra  effort,  and  until  the 
demand  for  it  is  great  enough  to  offset  this  extra  effort,  progress  toward 
successful  utilization  will  be  slow. 

In  our  definition  and  description  of  oriented  polystyrene,  we  noted  that 
the  untangling  and  elongation  of  the  molecules  imparted  greatly  increased 
tensile  strength  and  toughness  to  the  sheet.  It  likewise  incorporates  a 
high  internal  stress  in  the  sheet;  this  is  referred  to  as  “unmolding”  stress. 
This  stress  may  range  as  high  as  200  to  300  pounds  per  square  inch  in 
both  directions,  but  the  average  level  for  best  toughness  and  dimensional 
stability  with  good  forming  characteristics  is  approximately  150  pounds 
per  square  inch  (average  of  100-to-200  range).  This  high  internal  stress 
is  perhaps  best  described  as  a  trapped  force  which  wants  to  pull  the 
stretched  sheet  back  to  its  original  extruded  dimensions,  and  which  awaits 
only  a  temperature  high  enough  to  permit  it  to  act.  A  typical  oriented 
polystyrene  sheet  will  show  some  slight  contraction  in  both  directions  in 
the  temperature  range  of  175°F  to  200°F.  The  extent  and  rapidity  of 
contraction  increase  as  the  temperature  rises,  and  at  temperatures  of 
275 °F  to  300°F  the  contraction  is  extremely  fast. 

The  first  major  problem  in  utilizing  oriented  sheet  thus  is  that  the  sheet 
must  be  heated  for  drawing,  yet  cannot  be  heated  too  much  or  held  at 
an  elevated  temperature  for  any  appreciable  period  of  time.  Tighter  con¬ 
trols,  more  uniform  heating,  and  more  accurate  time  cycling  are  required 
in  vacuum-type  forming  than  are  required  for  other  thermoplastic  sheet 
materials.  Contact  or  trapped-sheet  heating  of  oriented  polystyrene  pro¬ 
vides  a  faster  and  safer  method  of  heating,  and  appears  best  suited  for 
this  material. 

The  trapped  force  within  oriented  polystyrene  also  poses  problems  in 
printing.  Certain  common  ink  solvents  attack  the  surface  of  the  sheet  to 
such  a  degree  that  the  internal  stresses  are  relieved;  this  results  in  crazing 
and  embrittlement  of  the  surface.  Also,  in  some  cases,  higher  heat  or 
longer  exposure  to  heat  is  required  to  effect  proper  drying  of  the  inks. 
Today,  however,  this  is  truly  not  a  problem — only  a  matter  for  caution. 
Proper  inks  and  solvents  and  sufficient  printing  information  are  now  avail¬ 
able  from  most  ink  suppliers,  and  any  well-equipped  commercial  printing 
company  can  print  oriented  polystyrene  successfully  with  very  little  special 
effort. 

Thus  we  still  have  some  acute  problems  with  oriented  polystyrene,  but 
basic  work  has  already  minimized  their  effect  on  future  developments — 
providing  that  we  recognize  and  acknowledge  their  presence  and  their 
significance.  I  have  mentioned  these  problems  facing  the  plastic  sheet 
producers  and  converters  because  they  will  be  somewhat  more  acute  with 
oriented  polystyrene. 

In  the  matter  of  sheet-forming  machinery,  suffice  it  to  say  here  that 
oriented  polystyrene  can  be  thermofolded,  creased,  and  beaded  on  such 
machines  as  Trans-Bo-Matic,  Vue-Matic,  and  Taber,  with  certain  minor 
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modifications.  (Additional  modifications  are  under  way  to  further  improve 
these  machines’  operation  with  oriented  sheet.)  It  can  be  vacuum-formed 
into  many  shapes  with  commercially  available  equipment,  sometimes  with 
minor  modifications,  but  primarily  with  tighter  controls  on  heating  and 
timing.  The  more  recent  contact  heat  and  air-pressure  blow  methods  of 
forming  appear  to  show  great  promise  in  providing  semi-automatic  to 
fully  automatic  high-speed  forming  of  oriented  sheet  packages  and  package 
components. 


VITALIZING  VISUAL  PACKAGING 

A  visible  package  must  contain  the  product  in  question  economically. 
Superior  utility,  high  merchandising  value,  and  strong  consumer  demand 
for  visibility  are  factors  which  influence  a  product’s  usage.  The  product 
cannot  simply  be  available;  it  must  be  promoted  through  aggressive,  per¬ 
sistent  sales  and  development  efforts.  The  increasing  competition  for  the 
consumer’s  dollar  is  placing  ever  greater  emphasis  on  packaging,  and 
visibility  in  packaging  has  already  demonstrated  its  worth  as  an  excellent 
market  tool.  We  now  have  the  opportunity  to  expand  visibility  into  rigid 
or  semi-rigid  packaging  through  the  use  of  oriented  polystyrene. 

With  rigid  visual  packaging,  we  face  a  tremendously  broad  area  of 
potential  usage.  The  technical  problems  surrounding  the  proper  contain¬ 
ment  of  the  product;  the  design,  prove-out,  and  manufacture  of  a  proper 
package;  and  the  application  of  the  package  on  a  customer’s  line  present 
many  problems.  In  addition,  there  remains  the  basic  fact  that  we  will  be 
competing  with  other  materials  which  are  thoroughly  entrenched  through 
many  years  of  successful  usage.  Paper,  metals,  and  glass  are  known  and 
successful  packaging  materials,  with  conversion  and  application  machinery 
freely  available.  Such  obstacles,  however,  have  yet  to  stop  plastics  prog¬ 
ress,  and  we  are  confident  that  sheet  plastics  will  likewise  find  and  develop 
their  rightful  niche  in  the  packaging  field  in  the  near  future. 

We  are  playing  for  big  stakes  in  packaging — hundreds  of  thousands 
(and,  in  many  cases,  millions)  of  units  per  week,  if  we  are  to  reach  our 
goal  of  true  commodity  packaging.  Plastic  sheet  conversion  as  we  have 
known  it  in  the  past  is  inadequate  from  the  standpoint  of  both  high- 
volume  production  and  low  unit-conversion  cost.  Definite  forward  strides 
have  been  made  with  such  equipment  as  the  Plaxall  machine,  the  Klear 
Plastics  (Division  of  Crompton-Knowles)  machines,  the  roll-fed  vacuum 
machines,  the  Kraft  Foodie-Pak  machine,  the  specialized  blister-  and 
skin-packaging  machines,  and  the  Emhart  EM-132  and  134  machines- 
but  we  must  realize  that  these  machinery  developments  are  probably  only 
prototypes  Vastly  improved  automatic  sheet-forming  machinery  will  be 
required  if  we  are  to  hit  the  high-volume  commodity-packaging  field. 

The  problem  is  as  yet  only  half-solved  in  most  cases.  The  formed 
package  must  be  automatically  filled,  capped,  and  sealed  or  overwrapped 
on  customers'  packaging  lines.  In  many  cases  this  will  requiTnmjor 
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modifications  in  existing  equipment  or,  more  likely,  development  of  com¬ 
pletely  new  packaging-line  machinery.  Today,  packages  and  package 
components  can  be  printed  and  fabricated  from  oriented  styrene.  In 
some  cases,  such  as  paper  container  covers  or  lids,  this  is  being  done  in 
volumes  of  millions  per  week  on  fully  automatic  machinery.  In  other 
cases,  commercially  available  equipment  and  prototype  equipment  are 
providing  market-test  quantities  and  smaller-volume  production  quantities. 
The  necessary  equipment  to  produce  specific  packages  or  types  of  pack¬ 
ages  will  result  from  further  machinery  developments  as  high-volume 
market  potentials  are  opened  up. 

CLOSING  THE  POLYSTYRENE  PACKAGE 

The  closing  of  packages  utilizing  oriented  polystyrene  both  as  com¬ 
ponent  parts  and  as  the  complete  package  is  a  vital  topic.  Naturally,  the 
requirements  of  the  package  with  respect  to  air-  or  liquid-tightness  deter¬ 
mine  the  type  and  quality  of  the  closing  method.  In  the  case  of  paper, 
aluminum,  and  plastic  containers  which  utilize  the  insert,  slipcover,  or 
snap-on  type  of  cover,  this  is  accomplished  by  design  to  give  proper  fric¬ 
tion  fit.  The  flat  die-cut  covers  for  aluminum  containers  are  closed  by 
the  conventional  method  of  crimping  the  flange  of  aluminum  onto  the 
cover.  Setup  boxes  and  box  covers  use  simple  slip-on  or  telescope-type 
closing,  with  or  without  overwrap.  Oriented  polystyrene  is  gaining  accept¬ 
ance  for  windov/s  and  overwrap  applications  because  of  its  resistance  to 
aging,  its  dimensional  stability,  and  its  grease  resistance.  Satisfactory 
high-speed  adhesives  are  available  and  are  steadily  being  improved  for 
window  applications.  This  material  is  potentially  very  attractive  for  many 
overwrap  applications,  and  steady  progress  is  being  made  in  adhesives 
and  heat-seals  for  this  use. 

All  of  these  applications  represent  fields  of  great  importance  to  oriented 
polystyrene,  and  the  tonnage  of  usage  is  bound  to  grow  rapidly  for  reasons 
of  quality  and  economy.  We  believe  that  the  true  potential  for  oriented 
polystyrene,  however,  lies  in  sealed  or  reclosable  packages  fabricated  com¬ 
pletely  from  this  material — that  is,  in  those  packages  formed  in  two  halves 
and  those  formed  in  a  tray,  with  a  flat  die-cut  cover  (adhesive-  or  heat- 
sealed  after  filling)  or  a  snap-on  cover.  The  full  advantage  of  visibility, 
with  economy,  can  thus  be  realized. 

This  concept  is,  of  course,  fraught  with  problems,  but  progress  to  date 
clearly  indicates  that  it  can  soon  become  a  practical  reality — again  for 
reasons  of  quality  and  economy.  Prototype  machinery  is  now  available 
to  form  and  heat-seal  such  packages,  and  projected  costs  indicate  that 
such  packages  can  well  compete  with  paper  in  many  cases  where  volume 
will  permit  maximum  economy.  For  example,  a  flat,  rectangular,  16- 
ounce  package  with  a  two-  or  three-color  printed  cover  in  multi-million 
volume  usage  could  become  a  practical  reality  in  the  near  future  at  esti¬ 
mated  costs  in  the  $25-  to  $30-per-thousand  range.  Therefore,  we  can 
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look  forward  with  a  great  deal  of  optimism  to  true  commodity  usage  in 
visual  packaging,  and  not  to  premium  usage  only. 

We  have  purposely  avoided  one  major  primary  packaging  requirement 
for  containment  of  many  products — permeability  to  both  moisture  and 
gas.  The  reason  for  this  avoidance  is  twofold:  First,  we  know  that  oriented 
polystyrene  in  its  natural  state  will  contain  many  products;  second,  coat¬ 
ings  and/or  laminations  which  we  recognize  will  be  essential  for  future 
broad-scale  usage  are  not  yet  commercially  available.  Thus,  the  practical, 
hard-headed  approach  is  to  make  maximum  use  of  what  is  now  available 
and  to  worry  about  future  problems  when  they  arise — with  the  full  expec¬ 
tation  that  the  development  of  coatings  and  laminations  will  continue  to 
progress  rapidly. 

*  *  * 

In  initial  development  and  testing  work,  a  package  usually  copies  the 
design  and  function  of  the  currently  used  conventional  package.  The 
future  possibilities  of  packages  to  be  fabricated  from  sheet  plastics,  how¬ 
ever,  open  entirely  new  vistas  for  creative,  functional  packaging,  and  the 
degree  of  capitalization  on  this  opportunity  can  well  determine  the  rate 
of  future  success  in  this  new  field. 

Oriented  polystyrene  is  a  truly  exciting  material  for  clear,  rigid  packag¬ 
ing.  Sufficient  technical  know-how  and  experience  with  prototype  machines 
are  available  to  initiate  and  develop  new  concepts  in  visual  packaging. 
Cooperative  efforts  in  thoroughly  analyzing  and  developing  products  and 
markets  can  bring  commodity  plastic  packaging  in  many  fields  into 
actual  being  in  1958  and  1959. 
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A  LTHOUGH  they  have  been  produced  and  on  the  market  for  some 
ten  years,  it  is  only  within  the  past  year  that  ABS-type  plastics  have 
become  competitively  active  enough  to  require  the  industry  to  identify 
them  by  chemical  designation.  The  three  letters,  A,  B,  and  S,  refer  to 
acrylonitrile,  butadiene,  and  styrene — each  of  which  contributes  certain 
of  the  properties  desired  in  a  high-impact,  long-lasting  thermoplastic 
sheet  which  is  resistant  to  most  chemicals  and  can  be  produced  com¬ 
mercially. 

Because  of  the  presence  of  a  minor  amount  of  styrene  (used  to  brighten 
the  product),  the  ABS-type  materials  were  classified  by  some  with  the 
so-called  “styrene  copolymers”;  however,  they  do  not  properly  belong  in 
that  category.  The  requirements  of  the  applications  for  which  the  ABS 
materials  are  used  are  generally  more  exacting  than  those  of  the  applica¬ 
tions  for  which  the  styrene  copolymers  are  used;  it  is  only  in  the  fringe 
areas  that  the  two  materials  are  competitive.  When  the  styrene  copolymers 
became  available  a  few  years  ago,  certain  products  which  had  previously 
been  made  from  ABS  materials  were  made  from  the  new  and  cheaper 
material.  Some  of  these  changes  were  successful;  others  were  not,  and  the 
products  were  made  again  of  the  ABS  materials. 

TYPES  OF  STOCK  AVAILABLE 

Originally,  the  ingredients  in  the  ABS  specification  were  combined 
mechanically,  using  rubber-processing  equipment.  At  the  present  time  the 
great  bulk  of  this  material — especially  that  used  for  automotive  parts  and 
luggage — is  still  made  by  this  method.  Recently,  however,  it  has  become 
possible  to  produce  a  material  of  similar  (though  not  identical)  properties 
through  chemical-processing  methods.  This  more  recent  material  may  be 
converted  to  sheet  either  by  calender  or  by  extruder.  Especially  when 
compounded  for  extrusion,  it  has  qualities  which  differ  considerably 
from  those  of  the  original  ABS  sheet.  For  one  thing,  it  has  a  higher  gloss, 
which  is  good.  It  is  also,  however,  crystalline  in  nature  and  therefore 
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develops  static — which  is  not  good.  The  original  stock  does  not  develop 
static,  nor  does  the  calendered  sheet.  In  addition,  calendered  stock  has 
certain  qualities  of  toughness  not  found  in  extruded  sheet  specifically, 
the  grain  on  calendered  (or  pressed)  stock  seems  to  be  much  more  durable 
than  that  on  extruded  sheet.  Generally,  calendered  stock  has  greater  heat 
resistance  than  extruded  stock.  In  comparison  with  other  thermoplastic 
materials,  ABS  plastics  have  lower  heat  resistance  than  methocrylates, 
but  higher  than  acetates,  vinyls,  or  styrenes. 

ABS-type  plastics  are  available  in  sheet  from  10  mils  to  V2  inch  in 
thickness.  Stock  up  to  47  mils  in  thickness  may  be  rolled  and  formed 
from  the  roll. 

Since  rubber  companies  produce  this  sheet  by  the  batch  method,  quanti¬ 
ties  as  low  as  400  pounds,  in  a  wide  range  of  standard  colors,  are  available 
to  the  converter.  This  fact  is  of  considerable  significance  to  the  manufac¬ 
turer  who  wishes  to  use  colors  to  identify  different  varieties  or  types  of 
the  same  product. 


SHIPPING  AND  HANDLING  CONTAINERS 


Thin  ABS  stock — 10  to  47  mils  in  thickness — is  used  for  shipping- 
container  inserts  which  attractively  protect,  position,  and  identify  the 
product  contained.  Such  inserts  are  used  to  supplement  standard  molded 
boxes  or  those  made  of  metal,  paper,  or  wood.  They  may  be  produced  on 
equipment  rapidly  being  standardized,  with  a  minimum  of  expense  and 
tooling  delay.  Of  all  materials  used  in  this  application,  the  ABS-type 

inserts  probably  provide  the  greatest  durability  and  toughness  per  unit 
weight. 


ABS-type  plastic  sheets  from  25  to  47  mils  in  thickness  have  sufficient 
rigidity  and  heat  resistance  to  permit  a  blister-pack  combination  with 
transparent  film.  Thus  the  ABS  stock  can  be  formed  in  advance  to  a 
shape  which  will  position  and  protect  the  product  from  physical  damage 
and  the  transparent  film  shuts  out  the  dust  and  permits  inspection  by  the 

fhp  1S* tyPe  °f  fack  WiP  revealed  to  be  an  improvement  over 

the  flat  sheet  of  paper,  chipboard,  or  kraft,  as  well  as  over  metal.  It  also 
is  tougher  than  a  molded  plastic. 

mo^nfthp  I?  may  be  J0lned  t0  itself  or  t0  other  materials  by  one  or 
more  of  the  following  methods:  heat  sealing,  electronic  weldine  cement 

mg,  stapling,  tacking,  or  clamping.  It  is  in  no  way  affected  by  sulfiTst 
wrapping  paper  or  similar  exposures,  nor  will  it  tarnish  silver 
In  heavier  gauges,  complete  packs  are  made  The  arc  , 
may  be  sheeted  by  continuous  process  To  tScknessIsofuom^^  'r 
and  by  press-lamination  to  Vi  inch  Thev  are  ,,?»a  r  P  ■  ^  187  mils’ 
assembly  line,  and  inventory  mntmi  y  ,  e  used  ^or  materials-handling, 

plant  shipments.  Their  toughness  the^e  UrCS’  ^  intm’  and  inter" 
formed,  and  the  gentle  handling  thp  Wlt^  which  theY  can  be 

ponents  make  these  ABS-type  packs  JtTfS  Wi'h  ^  C°m' 


40 


PLASTIC  SHEET  FORMING 


PERMANENT  AND  SEMI-PERMANENT  PACKAGING 

ABS-type  plastics  are  also  ideal  for  permanent  or  semi-permanent 
packaging.  They  are  produced  economically  enough  to  be  expendable, 
yet  they  are  attractive  enough  and  durable  enough  to  have  a  sales  value 
of  their  own. 

The  best  stylists  and  designers  in  the  country  have  contributed  to  such 
products — perhaps  most  notably  in  the  packaging  of  electronic  and  photo¬ 
graphic  equipment  and  of  sporting  goods.  In  these  and  other  fields, 
permanent  or  semi-permanent  ABS-type  packages  have  enhanced  the 
attractiveness,  salability,  and  durability  of  the  product.  They  offer  a 
weight  advantage  of  as  much  as  200  per  cent  over  wood  and  metal,  as 
well  as  obvious  styling  advantages  over  these  materials.  In  toughness  and 
resistance  to  abrasion  and  handling  (including  soiling  and  staining)  such 
ABS-type  packages  are  virtually  without  equal.  Since  they  do  not  require 
treatment  against  corrosion  or  rust,  painting  or  other  finishes  are  not 
necessary.  They  are  an  effective  moisture  barrier. 

Perhaps  a  few  specific  examples  will  illustrate  more  clearly  the  value  of 
ABS-type  plastics  for  permanent  and  semi-permanent  packaging.  A 
well-known  high-volume  manufacturer  of  quality  non-professional  movie 
projectors  has  packaged  its  product  in  a  leather-grained  ABS  plastic  since 
1948 — and  most  of  the  original  packages  are  still  in  service.  The  com¬ 
pany’s  first  effort  was  a  hood  that  locked  over  the  camera  unit,  replacing 
a  wooden  box.  Its  most  obvious  advantage,  of  course,  was  styling.  It 
was  up  to  date  in  design,  had  a  custom  handle,  and  was  very  successful 
in  stimulating  sales.  Later  models  have  incorporated  the  plastic  “package” 
as  an  integral  part  of  the  camera  unit,  improving  appearance,  reducing 
cost,  and  accomplishing  a  combination  housing  and  carrying  case  in  one 
assembly.  More  designs  are  now  on  the  drawing  board,  and  the  company’s 
program  for  the  future  is  to  convert  all  cases  to  plastic.  This  vote  of 
confidence  is  based  on  10  years  of  successful  experience. 

Another  manufacturing  firm  which  rents  equipment  to  most  offices  in 
the  country  replaced  a  box-like  wooden  case  with  an  attractively  styled 
ABS-type  plastic  case.  The  new  case  has  almost  completely  eliminated 
replacement  expense  on  the  rental  equipment,  and  it  is  much  more  attrac¬ 
tive  when  carried  about.  The  company  is  now  designing  a  second  plastic 
case  for  a  new  model  not  yet  released. 

The  luggage  industry  has  long  wanted  to  use  ABS-type  plastics  because 
of  their  toughness,  versatility,  and  styling  potentialities.  Now  that  con¬ 
tinuous  production  is  possible,  this  application  has  been  demonstrated  to 
be  economical.  There  are  now  on  the  market  luggage  designs  made 
entirely  of  ABS  material  and  others  which  use  it  to  accomplish  style  and 
durability  where  needed.  It  is  also  used  as  a  formable  covering  over  less 
attractive  shells. 

The  chief  advantages  claimed  for  luggage  made  of  ABS  material  are 
puncture  resistance,  abrasion  resistance,  cleanliness,  molded  styling,  and 
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light  weight.  Although  the  use  of  ABS-type  plastics  in  the  luggage  industry 
is  just  getting  under  way,  there  is  evidence  of  considerable  activity  toward 
a  wider  usage.  At  this  writing,  two  important  manufacturers  are  tooling 
up  for  new  luggage  lines  of  similar  styling  and  ultimate  price;  one  will  use 
a  covered  metal,  the  other  will  use  ABS  plastic.  It  is  estimated  that  the 
cost  of  tooling  for  the  metal  will  be  five  times  that  of  tooling  for  the 
plastic — and  no  economic  advantage  in  manufacture  is  known  to  exist 
with  the  higher-priced  tools.  In  an  industry  so  sensitive  to  styling,  such 
expenditures  are  of  major  consideration. 

VERSATILITY  UNLIMITED 

Clearly,  ABS-type  plastics  are  versatile.  Those  produced  by  calender- 
laminating  processes  combine  many  qualities  on  a  custom  basis.  Sandwich 
constructions,  with  one  type  of  material  for  the  core  and  another  for  the 
face,  extend  the  material’s  versatility  still  further. 

Some  types  of  ABS  resist  deformation  at  temperatures  of  up  to  230°F; 
others  retain  excellent  impact  resistance  at  —  50°F.  The  fact  that  they 
are  used  almost  to  the  exclusion  of  every  other  plastic  material  in  the 
automotive  industry  is  further  testimony  to  their  versatility.  At  times,  it 
should  be  acknowledged,  they  require  special  equipment  to  process,  as  they 
are  tougher  than  most  other  plastics — but  their  performance  record  indi¬ 
cates  that  the  added  effort  is  justified  in  most  cases. 

In  short,  ABS-type  plastic  packages  can  protect,  identify,  and  enhance 
the  appearance  of  many  products — and  they  have  10  years  of  successful 
application  to  recommend  them. 
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'\^'INYLS  have  earned  high  esteem  by  performing  vital  services  in  almost 
*  every  branch  of  industry  and  in  the  home.  Recognized  as  ideal 
materials  for  sheet  forming,  vinyls  have  recently  received  enthusiastic  en¬ 
dorsement  for  formed  packaging  and  product  applications.  They  have 
proved  their  versatility  in  providing  durable  protection  while  imparting 
elegance — and  consequent  sales  appeal — to  a  host  of  sheet-forming 
applications. 

The  greater  part  of  the  vinyl  used  for  formed  packaging  and  product 
applications  has  been  of  three  types:  (1)  calendered  rigid  vinyl  sheeting 
for  such  applications  as  three-dimensional  point-of-purchase  signs  and 
displays,  relief  maps,  luminous  ceilings,  and  single-portion  food  packages; 
and  (2)  rigid  and  (3)  non-rigid  cast  vinyl  film  used  in  skin  packaging. 
This  paper  will  discuss  the  properties  and  forming  characteristics  of  these 
three  types  of  vinyl  as  they  apply  to  specific  end  uses. 

RIGID  VINYL  SHEETING 

Of  all  vinyl  materials,  rigid  vinyl  sheeting  is  the  most  commonly  used 
in  the  entire  range  from  thin-  to  heavy-gauge  sections.  Its  chief  advan¬ 
tages  over  other  formable  materials  are  its  uniform  flow  (and  consequent 
good  registry  in  pre-printing),  its  non-flammability,  its  excellent  dimen¬ 
sional  stability,  and  the  short  operating  cycles  it  makes  possible.  The 
excellent  elongation  characteristic  of  rigid  vinyl  sheeting  permits  deep 
draws  without  evidence  of  whitening  or  “blushing”  usually  caused  by 
exceeding  a  strain  limit  in  the  material. 

The  good  registry  provided  by  the  uniform  flow  of  rigid  vinyl  sheeting 
makes  it  an  outstanding  material  for  forming  attractive  and  accurate 
three-dimensional  signs  and  displays.  These  durable  sheets  can  be  con¬ 
verted  into  a  wide  variety  of  styles  and  color  combinations  for  indi¬ 
viduality.  In  addition  to  its  importance  in  pre-printing  operations,  the 
uniform  flow  of  rigid  vinyl  sheeting  insures  uniform  thicknesses  during 
processing;  as  a  result,  variations  in  strain  from  sheet  to  sheet  are  held 
to  a  minimum.  Once  formed,  the  signs  and  displays  retain  their  shape 
despite  exposure  to  water,  humidity,  and  normal  temperature  fluctuations. 

The  thermoforming  of  rigid  vinyl  sheeting  has  engendered  a  wholly 
new  concept  in  luminous  ceilings.  The  uniform  draws  make  for  interesting, 
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flexible  designs  that  add  a  decorative  effect — at  lower  cost— and  transmit 
light  evenly  throughout  the  room;  thus,  wall-to-wall  brilliance,  with  a 
minimum  of  the  glare  and  shadows  commonly  caused  by  standard  metal 
lighting  fixtures,  is  achieved.  The  uniform  light  diffusion  of  rigid  vinyl 
sheeting  is  also  the  result  of  carefully  controlling  the  amounts  of  opacifier 
and  pigment  added  to  the  sheeting  during  manufacture. 

In  addition  to  being  light  in  weight  and  resistant  to  cracking  or  deterio¬ 
ration  on  aging,  rigid  vinyl  sheeting  enjoys  excellent  dimensional  stability. 
Vinyls  do  not  support  combustion,  and  they  decompose  only  when  con¬ 
tinuously  exposed  to  flame.  Because  of  their  organic  composition,  they 
are  not  susceptible  to  electrolytic  reactions  such  as  those  which  attack 
and  corrode  many  metals  employed  in  overhead  lighting.  Thus,  formed 
rigid  vinyl  ceilings  are  economical  from  the  standpoints  of  fabrication, 
installation,  and  maintenance.  Maintenance  is  especially  simple  and  in¬ 
expensive,  as  the  panels  need  only  to  be  rinsed  in  a  mild  detergent  and 
waxed. 

Relief  maps  formed  from  rigid  vinyl  sheeting  have  found  widespread 
usage  in  schools  and  colleges,  in  military  training,  and  in  the  business 
world.  The  good  forming  characteristics  and  dimensional  stability  of  rigid 
vinyl  sheeting  make  it  possible  to  reproduce  the  intricate  detail  of  the  mold 
design  in  perfect  register  with  the  pre-printed  sheet.  Because  of  the  high 
impact  and  compression  strength,  excellent  tear  resistance,  and  good  ink 
retention  of  rigid  vinyl  sheeting,  formed  relief  maps  withstand  repeated 
cleaning  and  constant  handling. 


Vinyl  sheet  forming  has  entered  the  area  of  food  packaging  in  the  form 
of  single-portion  containers  for  jellies,  jams,  honey,  syrup,  and  ketchup. 
The  containers  consist  of  small  thermoformed  cups  filled  with  the  food 
product  and  sealed  on  top  with  a  printed  vinyl  film.  Contributing  to  the 
success  of  single-portion  packages  are  the  protective  qualities  and  heat- 
sealability  of  the  vinyl  films  used. 

Rigid  vinyl  sheet  formed  in  three-dimensional  wall  panels  imparts  the 
decorative  effect  of  exposed  brick  where  real  brick  is  impractical— and  at 
much  lower  cost.  The  excellent  forming  characteristics  of  rigid  vinvl 

frr^  °W  C  ?se  aPProxima,ion  of  the  texture  and  appearance  of 
bnclc.  White  panels  can  be  painted  any  color,  and,  with  special  treatment 
the  appearance  of  aged  brick  can  be  simulated.  Easy  to  install  the  vinvl 
sheet  panels  can  be  cut  with  a  fine-tooth  saw,  sharp  knife,  or  heavy  shears 

its  excellent  dimensional  stability.  The  s^en^  ch  and 

vinyl  enable  this  new  type  of  bottle  nn  tr.  -tu  aracteristics  of  rigid 

by  the  consumer  without  losing  its  original  shape  repea‘ed  reCaPPinS 
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Thus  far  we  have  considered  only  the  advantages  of  rigid  vinyl  sheet¬ 
ing;  it  should  be  observed,  however,  that  the  material  has  certain  signifi¬ 
cant  limitations.  The  chief  shortcomings  of  the  vinyl  copolymer  are  its 
poor  resistance  to  outdoor  weathering  and  low  temperatures.  Some 
sheet-forming  applications  need  to  remain  flexible  at  temperatures  ap¬ 
proaching  —  40°C  while  still  retaining  the  other  desirable  properties  of 
formed  vinyl  sheeting.  Rigid  vinyl  sheeting  loses  its  flexibility  at  —  25 °C 
and  at  this  temperature  becomes  brittle  and  shatters  like  glass.  By  adding 
an  ultraviolet  light  absorber  to  vinyl,  many  of  its  outdoor  weathering 
deficiencies  can  be  greatly  improved. 

NON-RIGID  VINYL  FILM 

Other  vinyl  films  used  for  sheet  forming  are  the  rigid  (or  unplasticized) 
and  non-rigid  (or  plasticized)  cast  films.  Cast  film  is  produced  by  casting 
or  spreading  a  vinyl  chloride  acetate  resin  solution  on  a  stainless-steel 
belt,  passing  the  solution  through  an  oven  to  remove  the  volatile  solvent, 
and  then  drying  and  cooling  the  film  before  rolling  it  up.  Such  films  have 
shown  great  promise  in  skin-packaging  applications,  which  provide  in¬ 
dustry  with  a  low-cost  method  of  transparent  packaging.  Essentially,  the 
thermoformed  film  protects  and  tightly  covers  the  product  at  the  same 
time  it  firmly  secures  the  product  to  a  cardboard  base.  In  this  applica¬ 
tion,  the  extreme  toughness  of  non-rigid  cast  vinyl  film  enables  the  use  of 
lower  film  thicknesses,  resulting  in  significant  reductions  in  material  costs. 
At  the  same  time  the  low  strain  content  permits  the  use  of  thinner  card¬ 
boards — another  economic  advantage.  The  excellent  dimensional  stability 
of  the  cast  vinyl  makes  it  possible  to  draw  the  material  tightly  over  the 
item  without  board  curling.  Because  of  the  low  moisture-absorption 
characteristic  of  cast  vinyl  films,  blushing  or  fogging  is  completely 
eliminated. 

Obviously,  rigid  materials  are  formed  with  less  difficulty  than  the  non- 
rigid  cast  vinyl  films.  A  non-rigid  vinyl  forms  tightly  against  the  article 
being  packaged  while  the  vacuum  is  on,  but  upon  release  of  the  vacuum 
the  film  recovers  and  tends  to  “tent.”  Because  plasticized  vinyls  fail  to 
take  a  definite  set  around  the  article  to  be  skin-packaged,  uniform  ad¬ 
hesion  to  the  backing  board  is  required  to  prevent  tenting.  The  low- 
temperature  properties  of  the  flexible  film  are  appreciably  better  than 
those  of  rigid  vinyl  film. 

RIGID  VINYL  FILM 

Plasticized  film  is  used  more  frequently  than  rigid  cast  vinyl  because  of 
its  superior  toughness,  impact  strength,  and  low-temperature  properties. 
However,  rigid  cast  vinyl  film  can  be  more  easily  formed,  largely  as  a 
result  of  its  high  stiffness  modulus — the  highest  of  any  material  used  in 
skin  packaging.  Rigid  cast  vinyl  film  is  superior  in  adhesion,  as  it  takes 
a  definite  set  around  the  packaged  article  and  does  not  necessarily  require 
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additional  adhesives.  Rigid  films  also  require  less  critical  control  of  the 
time  factor  in  each  of  the  three  phases  of  operation — preheating,  post¬ 
heating,  and  cooling. 

Vinyl  films,  both  rigid  and  non-rigid,  can  be  formulated  so  that  they 
will  not  tarnish  metal,  thus  preserving  the  high  luster  of  plated  finishes. 
With  plasticized  film,  however,  caution  should  be  exercised,  as  certain 
plasticizers  will  mar  items  coated  with  nitrocellulose  lacquers  or  articles 
made  of  polystyrene. 

*  *  * 

Vinyls  have  proved  to  be  excellently  suited  to  sheet-formed  packaging 
and  product  applications.  With  proper  design  and  utilization  they  should 
open  new  and  greater  fields  in  the  forming  of  plastic  sheeting. 
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'T1HE  MARKET  for  rigid  vinyl  thermoplastic  sheet  has  grown  rapidly 
A  as  a  result  of  two  major  developments:  the  introduction  of  improved 
sheet-processing  equipment  and  the  formulation  of  new  rigid  vinyl  resins. 
Together,  these  developments  have  created  new  possibilities  in  product 
design.  The  purpose  of  this  paper  is  to  report  the  current  status  of  these 
developments  in  terms  of  present  and  potential  markets  for  rigid  vinyl 
thermoplastic  sheet. 

RESINS  AND  COMPOUNDS  FOR  THERMOFORMING 

Two  classes  of  Geon1  rigid  vinyl  resins  and  compounds  are  currently 
available  for  the  rigid  thermoplastic  sheet  market.  The  first,  polyvinyl 
chloride  resins  and  compounds,  includes  Geon  resin  103EP  and  Geon 
compound  8750,  examples  of  the  normal-impact  materials,  and  Geon 
resin  404HI  and  Geon  compound  8700-A,  typical  of  the  high-impact 
type.  Geon  404HI  and  Geon  compound  8700-A  have  outstanding  re¬ 
sistance  to  impact,  with  excellent  chemical  and  strength  properties.  They 
have  been  designed  primarily  for  applications  subject  to  severe  shock 
either  during  installation  or  in  operation.  Geon  resin  103EP  and  Geon 
compound  8750  have  marginal  superiority  in  chemical  resistance,  tensile 
strength,  and  service  temperature  range. 

The  polyvinyl  chloride  copolymers  comprise  the  second  class  of  Geon 
rigid  thermoplastic  sheet  materials.  Geon  resins  428  and  421,  and 
Geon  compound  81414  (transparent)  are  examples  of  the  normal-impact 
materials,  while  Geon  compound  81620  is  representative  of  the  high- 
impact  copolymer  compounds.  Geon  rigid  polyvinyl  chloride  copolymer 
resins  and  compounds  have  outstanding  heat-forming  characteristics  in 
combination  with  wide  color  range,  good  physical  strength,  and  non¬ 
flammability. 

RIGID  POLYVINYL  CHLORIDE  PROPERTIES 

Geon  rigid  polyvinyl  chloride  resins  and  compounds  are  basic  materials 
whose  potential  can  be  realized  only  through  proper  utilization  of  the 


i  “Geon”  is  a  registered  trademark  of  B.F.Goodrich  Chemical  Company,  Cleveland,  Ohio. 
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properties  they  offer.  The  major  reasons  for  their  use  are  apparent  in 
the  tables  of  properties  cited  below. 

Table  1  summarizes  the  basic  differences  in  the  physical  properties  of 
the  two  types  of  compounds  in  the  polyvinyl  chloride  class  of  sheet  mate¬ 
rials.  The  superior  chemical  resistance  of  Geon  compound  8750  is 
apparent  in  the  immersion  data  given  in  Table  2. 

Geon  8750  and  8700-A  are  thermoplastic  materials  of  unusual  dur¬ 
ability  and  toughness.  Aging-test  data  are  shown  in  Table  3,  tensile- 
strength  data  in  Exhibit  1,  and  creep  behavior  data  in  Exhibit  2. 

The  excellent  chemical  and  physical  characteristics  and  aging  properties 
of  Geon  rigid  polyvinyl  chloride  sheet  compounds  make  them  ideally 
suited  for  structural  applications.  At  present  they  are  being  used  in 
industrial  applications  for  chemical-resistant  hoods,  ducts,  and  tanks, 
and  in  the  building  field  for  glazing  and  awnings.  Increased  usage  in  both 


Physical  Properties  of  Geon  Rigid  Polyvinyl 

Chloride 

Compounds 

Geon  8750  White 

Geon  8700-A  Gray 

Geon  resin  . 

Geon  103EP 

Geon  404HI 

Type  of  compound  . 

Normal-impact  PVC 

High-impact  PVC 

Specific  gravity  . 

1.44  ±.02 

1.35  ±.02 

Hardness  (Durometer  D)  . 

80  ±  3 

78  ±  3 

Tensile  strength — psi  . 

7,000 

6,000 

Flexural  strength — psi  . 

14,500 

11,500 

Izod  impact  strength — 

ft-lb/in.  of  notch  . 

0.80 

15.0 

Compressive  strength — psi  ... 

9,600 

8,600 

Dielectric  strength — volts/ mil 

1,413 

1,085 

Dielectric  constant: 

60  cps  at  30°C  .. 

3.70 

3.90 

1,000  cps  at  30°C  . 

3.62 

3.31 

Power  factor — %: 

60  cps  at  30°C 

1.25 

2.85 

1,000  cps  at  30°C 

2.82 

3.97 

Heat-distortion  temperature _ 

°F  at  264  psi  ... 

157 

157 

TABLE  1 
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Chemical-Immersion  Data 


Geon  8700-A 

Geon  8750 

Original  tensile  strength 

5,800  psi 

6,500 

psi 

30-Day 

30-Day 

30-Day 

30-Day 

Immersion 

Immersion 

Immersion 

Immersion 

at  Room  Temp. 

at  60 

°C 

at  Room  Temp. 

at  60 

°C 

Tensile 

Weight 

Tensile 

Weight 

Tensile 

Weight 

T  ensile 

Weight 

Strength 

Change  Strength 

Change 

Strength 

Change  Strength 

Change 

(psi) 

(%) 

(psi) 

(%) 

(psi) 

(%) 

(psi) 

(%) 

Acids 

Acetic  (  20%)..  5,200 

0.81 

5,000 

3.29 

7,200 

0.11 

7,000 

0.41 

(  80%)..  4,500 

1.99 

2,450 

8.25 

6,900 

0.13 

7,350 

1.79 

(glacial)..  3,600 

4.48 

1,450 

15.39 

6,450 

2.10 

3,600 

10.29 

Chromic  (  10%)..  5,800 

0.50 

5,800 

1.64 

7,100 

0.21 

7,900 

0.67 

(  30%)..  5,900 

0.43 

5,700 

2.26 

7,000 

0.17 

8,000 

0.42 

(  40%)..  5,800 

— 

4,900 

— 

7,000 

0.17 

8,000 

0.57 

Hydrochloric  (  30%)..  5,300 

0.22 

4,700 

1.48 

7,150 

0.05 

7,400 

1.07 

Nitric  (30%)..  4,900 

0.32 

5,450 

0.98 

6,850 

0.12 

7,350 

0.60 

(  60%)..  5,700 

0.40 

4,200 

6.59 

7,100 

0.11 

7,550 

1.28 

Oxalic  (sat’d  sol’n)..  5,550 

0.48 

4,950 

1.72 

6,800 

0.11 

5,450 

-1.28 

Peracetic  (  40%)..  2,460 

— 

2,900 

— 

6,300 

— 

3,600 

— 

Phosphoric  (  75%)..  5,450 

0.04 

5,250 

-0.19 

7,600 

0.03 

7,700 

0.06 

Stearic  (100%)..  — 

— 

4,800 

3.54 

— 

— 

7,750 

2.55 

Sulfuric  (  20%)..  5,500 

0.14 

5,900 

0.04 

6,950 

0.08 

7,600 

0.15 

(  50%)..  5,600 

-0.07 

5,800 

0.58 

7,250 

-0.05 

7,100 

-0.03 

(  80%)..  5,400 

-0.01 

5,700 

12.78 

7,150 

-0.07 

8,200 

-0.06 

Alcohols 

Butyl  .  4,600 

1.20 

2,150 

5.14 

7,200 

-0.03 

7,350 

0.39 

Ethyl  .  4,100 

1.21 

2,400 

3.17 

7,000 

0.03 

6,700 

1.16 

Alkalies 

Sodium  (  10%)..  5,400 

0.14 

5,400 

0.22 

7,150 

0.09 

7,450 

0.19 

hydroxide  (  30%  1..  5,200 

0.02 

5,900 

-0.05 

7,000 

0.01 

7,700 

0.01 

(  50%)..  5,600 

-0.02 

5,400 

-0.11 

7,050 

-0.02 

6,650 

-0.03 

Chlorinated  Hydrocarbons 

Carbon  tetrachloride  ....  1,850 

59.14 

Excessive  swelling 

7,000 

0.05 

3,600 

19.29 

Trichloroethylene  .  1,550 

103.21 

Excessive  swelling 

4,750 

56.31 

1,850 

72.23 

Hydrocarbons 

ASTM  #1  oil  .  5,600 

0.15 

6,000 

0.18 

7,200 

0.14 

7,950 

0.17 

ASTM  #2  oil  .  5,400 

0.23 

5,500 

0.73 

7,150 

0.25 

8,000 

0.29 

ASTM  #3  oil  .  5,300 

0.27 

5,050 

4.31 

7,100 

0.33 

7,950 

0.51 

Benzene  .  5,000 

73.11 

Excessive  swelling 

1,500 

40.78  Excessive  swelling 

Castor  oil  .  5,300 

0.44 

5,000 

0.07 

6,450 

0.09 

7,350 

0.07 

Cottonseed  oil  .  5,150 

0.18 

5,400 

0.26 

7,100 

0.12 

7,300 

0.08 

Glycerine  . 5,450 

0.07 

5,900 

0.18 

7,300 

0.22 

7,000 

0.25 

Hexane  . 3,000 

4.24 

— 

— 

7,250 

0.00 

— 

— 

Linseed  oil  .  5,150 

0.07 

4,800 

0.44 

6,850 

0.08 

6,550 

0.01 

Salt  Solutions  (sat’d) 

Barium  sulfide  .  5,000 

0.61 

5,450 

3.11 

7,000 

0.09 

7,150 

3.11 

Ferric  chloride  .  5,100 

0.25 

4,750 

0.32 

6,800 

0.08 

7,600 

0.17 

Potassium  chloride  .  5,000 

0.22 

4,800 

0.20 

7,400 

0.09 

6,850 

0.15 

Sodium  dichromate  .  5,400 

0.23 

5,150 

0.18 

6,900 

0.09 

7,700 

0.12 

Trisodium  phosphate  ..  5,050 

0.46 

4,800 

0.78 

6,900 

0.12 

7,800 

0.22 

Miscellaneous 
Air  test  tube 
Formaldehyde 
Hydrogen  per 
Phenol  . 


Distilled  water  . 

Drip  oil  (manuf.  gas 

condensate)  . 4,500 


5,850 

-0.02 

5,600 

0.17 

6,550 

-0.01 

7,550 

-0.04 

5,000 

0.80 

4,200 

3.57 

7,100 

0.15 

7,350 

1.16 

4,700 

1.53 

4,800 

1.67 

6,900 

0.11 

7,40C 

0.38 

__ 

_ 

Excessive 

swelling 

— 

— 

2,200 

30.37 

2,850 

3.87 

1,850 

35.49 

7,050 

0.05 

7,650 

1.31 

5,200 

0.61 

5,100 

0.94 

7,100 

0.12 

7,700 

0.21 

4,500 

2.12 

— 

— 

6,500 

0.35 

— 

— 

TABLE  2 
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Four-Year  Florida  Aging  of  Geon  Rigid 

Polyvinyl  Chloride  Compounds 

* 

Geon  8750  White 

Geon  8700-A  Gray 

Original  Properties 

Tensile  strength — psi 

.  6,800 

5,200 

Izod  impact  strength- 

-ft-lb/in.  of  notch  ..  0.60 

15.0 

Appearancet  . 

.  1 

1 

One  Year  in  Florida 

Tensile  strength  . 

.  7,600 

6,500 

Izod  impact  strength 

.  0.62 

10.0 

Appearance  . 

.  1 

1 

Two  Years  in  Florida 

Tensile  strength  . 

.  7,500 

5,600 

Izod  impact  strength 

.  0.75 

7.0 

Appearance  . 

.  2 

2 

Three  Years  in  Florida 

Tensile  strength  . 

.  7,400 

6,100 

Izod  impact  strength 

.  0.65 

10.1 

Appearance  . 

2 

Four  Years  in  Florida 

Tensile  strength  . 

6,000 

Izod  impact  strength 

7.2 

Appearance  . 

Zr 

*  Since  the  tests  were  begun  in  1953,  earlier  versions  of 
actually  being  tested.  However,  Geon  8700-A  and  Geon  8750 
least  as  good  results  as  the  earlier  compounds.  The  tests  are 
sheets  and  Izod  blocks. 

Geon 

can 

being 

8700-A  and  8750  are 
be  expected  to  give  at 
run  on  molded  tensile 

t  Code  for  appearance: 

1.  No  appreciable  change. 

2.  Noticeable  change. 

3.  Large  change. 

TABLE  3 


rapidly  as  maJ°r  -p--  o£  c°m 


RIGID  POLYVINYL  CHLORIDE  COPOLYMER  PROPERTIES 

the  physical  properties  of  the  two  polyvnyl  chfo  id'  conol  4’ 

and  in  Exhibit  3,  where  the  excellent  fi  cn|oride  coPolymers  are  listed, 

polyvinyl  chloride  copolymers  are  given.  FmmS  charactenstics  of  Geon 
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Tensile  Strength  vs.  Temperature 


EXHIBIT  1 

The  excellent  forming  characteristics  of  rigid  vinyl  copolymer  sheets 
fit  the  exacting  requirements  of  the  vacuum-forming  and  laminating 
fabricator.  Applications  using  these  properties  to  advantage  are  many, 
including  such  items  as  lamp  shades,  wall  coverings,  glazing,  toys  and 
novelties,  business-machine  cards,  credit  cards,  signs,  displays,  and  other 
decorative  items. 


EXHIBIT  2 


A  recent  product  development  for  rigid  vinyl  copolymers  has  been 
bubble  and  contour  packages.  The  excellent  clarity  and  vacuum-forming 
characteristics  of  the  copolymers,  and  the  ease  with  which  they  can  be 
cemented  or  sealed,  are  a  few  of  the  reasons  for  their  use  in  this  applica¬ 
tion.  Table  5  lists  the  physical  properties  of  several  gauges  of  extruded 
Geon  rigid  vinyl  copolymer  compound  81414  (transparent)  sheet  used 
by  the  packaging  industry.  The  excellent  physical  characteristics  of  Geon 
81414  (transparent),  coupled  with  its  formability  and  clarity,  make  it 
ideally  suited  for  bubble  and  contour  packaging. 


PRODUCTION  TECHNOLOGY 

Many  improved  sheet-fabricating  and  manufacturing  techniques  f 

rigid  polyvinyl  chloride  and  polyvinyl  chloride  copolymer  have  reach 

commercial  scale  during  the  past  few  years.  In  the  sheet-fabrication  fie] 

continuous-form, ng  equipment  for  the  packaging  and  refrigeration  indv 

Ties  has  been  one  of  the  most  important  improvements.  Another  h 

been  a  combination  of  vacuum  and  pressure  forming  in  a  single  pie 

o  equipment  aiding  deep-draw  applications  by  preventing  the  hinnf 
of  gauge  in  high-extension  areas.  venting  tne  thinnr 

Almost  all  of  the  rigid  vinyl  sheet  is  manufactured  today  by  calendt 
tng.  Sheet  thicknesses  outside  the  calendering  range  are  made  hv  nr...' 
improved  control  of  temperature  and  gauge®  throtghTnsTunien^a^Sn^ l 
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Physical  Properties  of  Geon  Rigid  Polyvinyl 

Chloride  Copolymer  Compounds 

Geon  81414-Trans  Geon  8 1 620  White 

Geon  resin  used  . 

Geon  421  or 

Geon  428 

Geon  428  and 

Geon  404HI 

Type  of  compound  . 

Normal-impact 

PVC  copolymer 

High-impact 

PVC  copolymer 

Specific  gravity  . 

1.35  ±  .02 

1.28  ±.02 

Hardness  (Durometer  D)  . 

80±  3 

76±  3 

Tensile  strength — psi  . 

6,500 

5,500 

Flexural  strength — psi  . 

13,500 

10,000 

Izod  impact  strength — ft-lb/in.  of  notch 

0.30 

3.00 

Compressive  strength — psi  . . 

Heat-distortion  temperature — 

9,000 

6,500 

°F  at  264  psi  . 

140 

137 

TABLE  4 


produced  a  calender  sheet  of  greater  uniformity  with  respect  to  the 
amount  and  distribution  of  strains  and  gauge.  The  rigid  vinyl  sheet  pro¬ 
duced  with  these  new  developments  possesses  improved  heat-formability. 

The  most  significant  advance  in  production  techniques  for  rigid  vinyl 
has  been  the  basic  design  of  a  plant  for  the  extrusion  of  sheet.  The  design 
provides  for  three  essential  equipment  assemblies:  the  extruder,  the  die, 
and  the  take-up  mechanism.  Further  improvements  are  being  made  in 
the  die  design  for  vinyl  sheet.  Results  with  several  commercially  available 
dies  have  been  extremely  promising.  Gauge  control,  quality,  and  the 
appearance  of  the  sheet  produced  have  been  good.  Both  types  of  rigid 
vinyl  polymers  have  been  extruded  with  equal  success. 

SHEET  FABRICATION 

One  of  the  basic  reasons  for  the  success  of  rigid  vinyl  sheet  is  its  ease 
of  fabrication.  In  addition  to  the  ease  with  which  it  can  be  welded,  ma¬ 
chined,  and  fabricated  by  all  normal  shop  techniques,  its  cementing, 
lamination,  and  vacuum-forming  characteristics  probably  have  contributed 
most  to  its  success. 

Cementing  is  an  excellent  technique  for  bonding  rigid  vinyl  materials. 
Very  little  equipment  is  needed,  and  the  joint  can  be  made  quickly  and 
simply  at  factory  or  at  installation  site.  Solvent  cements  are  available  for 
both  polyvinyl  chloride  and  polyvinyl  chloride  copolymers.  Reasonable 
care  must  be  exercised  when  solvent-cementing  rigid  vinyl  materials  to 
obtain  the  maximum  bond  strength. 
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Extruded-Sheet  Physical  Properties 

of  Geon 

81414- 

-Trans 

Sheet  thickness  (avg.) — mil . 

6.9 

10.9 

16.5 

Tensile  strength — psi: 

With  grain  . 

.  9,150 

9,090 

8,950 

Across  grain  . 

.  9,160 

8,910 

9,150 

Elongation — % : 

With  grain  . 

10 

10 

10 

Across  grain  . 

10 

10 

10 

Graves  tear  strength — lb /in: 

With  grain  . 

.  915 

920 

1,055 

Across  grain  . 

.  990 

960 

1,170 

MIT  fold  . 

.  126 

106 

40 

Moisture-vapor  transmission — g/100cm2/24  hr  . 

.  0.51 

0.28 

0.24 

Mullen  bursting  strength — psi  . 

92 

140 

194 

Shrinkage  (30  min.  at  200°F) — %: 

With  grain  . 

7.3 

7.6 

Across  grain  . 

0.3 

1.0 

Water  immersion  tests  (24  hr  at  76°F): 

Weight  change — %  . 

0.2 

0.2 

Volume  change — %  . 

0.3 

0.2 

TABLE  5 


Lamination  of  rigid  vinyl  sheet  can  be  accomplished  with  or  without  ad¬ 
hesives.  Although  both  polyvinyl  chloride  and  polyvinyl  chloride  copol¬ 
ymer  sheet  are  laminated,  the  latter  is  used  in  much  larger  volume  today. 

e  good  dimensional  stability  and  excellent  flow  characteristics  of  the 
copolymer  are  the  basic  reasons  for  its  use. 

Both  basic  types  of  vacuum  forming— straight  vacuum  forming  and 
rape  ormmg  have  been  used  with  very  satisfactory  results  on  sheets 
of  ngid  polyvinyl  chloride  and  polyvinyl  chloride  copolymers.  Polyvinyl 
are  extremely  tough,  combining  high  impact  strength  with 

than^thp  v  ,  resist.ance-  They  Perform  more  critically  in  forming  cycles 
han  the  vinyl  copolymers  and  require  longer  heating  cycles  If  tempera 

Rigfd'powvin^l1;^- r,r0,1,ed’  they  be  d“P-dyrat  sL^Zy. 

user!  m-,.Ppr  ir  *  chlonde  c°P°Iymers  are  the  most  versatile  and  widely 
used  materials  in  vacuum  forming.  The  sheets  as  produced  on  the 

have  d-T  pr°Vld,e  a,  Wlde  range  of  forming  possibilities.  Vinyl  copolymers 

drawing,  I^InnyfePwillToId1"^  th**1*1  VCry  thin  SauSes-  In  deep 

sections;’  and  they  are  less  susceptible  to  weTbinTl^corlels^dbitw™!! 
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Estimated  1956  Markets  for  Rigid  Vinyl  Sheet 


Market  Millions  of  Pounds 

Signs  and  displays  .  4 

Decorative  laminates  .  4 

Packaging  .  2 

Glazing  .  2 

Chemical-resistant  applications  .  1.5 

Graphic  arts  .  1.5 

Transportation  .  1.0 

Electrotyping  .  0.75 

Playing  cards  .  0.75 

Records  .  0.50 

Contour  maps  .  0.25 

Others  .  0.50 

total  .  18.75 


TABLE  6 

high  points.  Thin  and  heavy-gauge  rigid  vinyl  copolymers  will  handle 
equally  well  and  will  reproduce  sharp  detail.  Since  rigid  vinyls  are  un¬ 
plasticized,  polished  clear  vinyl  materials  can  be  formed  with  high  clarity. 

MARKETS 

Rigid  vinyl  sheet  parts  have  replaced  many  articles  formerly  made  of 
steel,  aluminum,  wood,  rubber,  glass,  leather,  cardboard,  and  fabrics. 
Typical  applications  include  tote  boxes,  signs,  displays,  many  types  of 
packages,  carrying  cases,  cords,  and  binders.  In  addition,  rigid  vinyl 
sheets  have  made  unique  contributions  of  their  own  in  bubble  and  skin 
packages,  signs,  appliances,  novelties,  and  industrial  applications.  Table 
6  gives  a  breakdown  by  application  of  the  estimated  rigid  vinyl  sheet 
market  for  1956.  The  1957  rigid  vinyl  sheet  market  was  very  similar  in 
character  except  for  increased  volume  from  old  and  new  applications 
such  as  business-machine  cards  and  credit  cards. 

A  recent  market  survey  by  the  B.F.Goodrich  Chemical  Company2  dis¬ 
closed  the  following  facts  about  the  use  of  rigid  vinyl  sheet  in  present 
and  potential  applications. 

Packaging.  The  largest  market  for  rigid  vinyl  plastic  sheet  is  still 
packaging.  Great  interest  in  vinyl  stems  from  the  belief  that  an  extrudable 
vinyl  sheet  would  perform  very  well.  The  important  properties  of  a  sheet 
plastic  for  packaging  are: 

2  E.  M.  Kalapos  and  S.  T.  Pender,  Rigid  Thermoplastic  Sheet:  Materials — Markets — Trends, 
B.F.Goodrich  Chemical  Company,  Cleveland,  Ohio. 


Rigid  Vinyl  Sheet  (Geon) 


55 


1 .  Rigidity. 

2.  Transparency  (for  most  packages). 

3.  Non-toxicity. 

4.  Durability  and  toughness. 

5.  Ease  of  forming. 

6.  Price  competitive  with  that  of  other  plastics,  paper,  foil,  and  the 
like. 

Of  all  plastic  materials,  rigid  vinyl  extruded  sheet  best  fulfills  the  above 
packaging  requirements. 

Refrigerator  Liners.  The  important  properties  required  of  a  rigid  sheet 
for  use  in  forming  refrigerator  inner  door  liners  are  formability,  strength 
at  low  temperatures,  smooth  and  attractive  surface,  and  a  price  competi¬ 
tive  with  that  of  high-impact  styrene.  Manufacturers  will  consider 
another  material  for  this  application  if  it  is  lower  in  cost  than  high-impact 
styrene  or  if  less  material  can  be  used  per  liner  with  equal  performance. 
Extruded  rigid  vinyl  sheet  meets  the  property  requirements,  and  as  vinyl 
sheet  extrusion  becomes  a  commercial  operation  it  is  possible  that  the 
difference  in  cost  between  vinyl  and  high-impact  styrene  may  be  elimi¬ 
nated. 

Signs  and  Displays.  Signs  and  displays  consumed  4  million  pounds  of 
rigid  plastic  sheet  in  1956.  The  sheet  was  produced  almost  entirely  by 
a  free  (non-captive)  market — and  this  market  will  tend  to  remain  free 
because  of  the  small  size  of  sign  producers  and  the  wide  variety  of  mate¬ 
rials  and  sheet  sizes  required.  Vinyl  sheet  is  employed  almost  exclusively 
in  indoor  displays.  Among  the  many  advantages  which  encourage  the 
use  of  vinyl  sheet  in  these  applications,  the  following  are  considered  the 
most  significant: 

1.  It  provides  excellent  pre-printing  registration. 

2.  It  has  excellent  opacity. 

3.  Thinner  gauges  can  be  used. 

4.  It  is  the  best  material  for  silk  screening. 

5.  It  is  the  only  sheet  that  lends  itself  to  lithography. 

6.  It  is  self-extinguishing. 

Lighting  Applications.  Plastic  diffusers  are  a  relatively  new  develop- 
ment  in  lighting.  Plastic  sheet  is  being  accepted  for  lighting  applications 
and  will  continue  to  find  its  greatest  market  in  commercial  installations 
where  fluorescent  lights  are  common.  The  important  properties  required 
tor  this  market  are:  n 

1.  A  1-to-l  transmission/reflectance  ratio. 

2.  High  flexural  strength. 

3.  Dull  finish. 

4.  Flame  resistance. 

5.  Intermediate  softening  point. 

6.  Light  stability. 
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Rigid  vinyl  sheet  continues  to  have  an  excellent  potential  in  this  field 
because  of  its  well-rounded  set  of  characteristic  physical  properties  and 
its  inherent  resistance  to  flame. 

Building  Applications.  In  the  building  field,  vinyls  have  a  bright  future. 
Their  self-extinguishing  characteristic  should  prove  a  major  factor  leading 
to  revised  building  codes  and  should  secure  it  preference  over  other  sheet 
plastics.  Siding,  roofing,  gutters,  window  sash,  flashing,  and  interior  finish 
are  all  areas  where  extruded  and  formed  vinyl  sheet  can  be  used  to 
advantage. 

*  *  * 

Activity  and  sales  volume  in  the  rigid  vinyl  sheet  market  continued  at 
a  high  level  during  1957.  Activity  centered  around  efforts  to  increase 
established  markets,  the  development  of  new  processing  techniques  for 
sheet  production  and  fabrication,  and  sales  promotion  of  new  product 
applications. 

Rigid  vinyl  maintained  and  increased  its  volume  in  the  sheet  market 
during  1957.  During  the  next  five  years,  vinyls  are  expected  to  continue 
their  rapid  growth  because  of  their  toughness,  self-extinguishing  charac¬ 
teristics,  formability,  and  good  aging  characteristics.  As  extruded  vinyl 
sheet  is  further  commercialized,  it  is  predicted  that  additional  gains  will 
be  made. 


PART  TWO 


Methods 


Continuous  Vacuum  Forming 

GAYLORD  W.  BROWN 

Partner 

Brown  Machinery  Company 
Beaverton,  Michigan 


WHEN  the  continuous  vacuum  forming  process  was  introduced  by 
the  Dow  Chemical  Company  in  1951,  I  was  operating  a  machine 
shop  that  did  job  work  and  custom-machinery  fabrication  in  Beaverton, 
Michigan.  In  1952,  Northern  Plastics  of  Beaverton  and,  later,  Robinson 
Industries  became  interested  in  Dow’s  method  of  continuously  forming 
hot,  freshly  extruded  sheet.  This  process  offered  many  economic  advan¬ 
tages  for  vacuum-forming  thermoplastics.  The  extruded  sheet  could  be 
fed  directly  to  the  forming  machine,  which  used  the  heat  of  extrusion  for 
forming.  After  the  part  was  trimmed,  the  trim  and  scrap  could  im¬ 
mediately  be  fed  back  into  the  extruder,  thus  eliminating  waste  and 
minimizing  contamination.  At  the  end  of  a  part  run,  all  trim  and  scrap 
was  used  up,  leaving  no  inventory  carryover  on  special  colors  and  formu¬ 
lations. 


MOVING  THE  MATERIAL 

The  first  type  of  machine  we  built  for  this  purpose  used  a  variable- 
speed  belt  to  extrude  the  sheet  on,  while  it  formed  the  parts  with  an 
inverted  female  mold.  This  mold  traveled  with  the  belt,  was  picked 
up  with  an  air  cylinder,  and  was  returned  by  hand  to  the  starting  position. 

There  were  many  faults  with  the  belt-type  conveyer.  The  first  belts 
were  canvas,  which  had  a  very  short  life  and  left  an  imprint  on  the  ma¬ 
terial.  Then  we  tried  Fiberglas  cloth,  which  lasted  longer  but  still  marked 
the  sheet.  We  also  tried  perforated  rubber  belting,  which  eliminated  the 
marking  problem  but  chilled  the  sheet  too  rapidly. 

At  Dow’s  suggestion  we  tried  small,  hollow,  driven  metal  rollers  that 
were  cooled  by  air  blown  through  them.  The  rollers  were  much  more 
successful  than  the  belt,  but  there  was  still  difficulty  in  temperature  control. 
We  finally  solved  this  problem  by  circulating  temperature-controlled 
water  through  the  rollers.  We  also  added  radiant  heaters  above  the  rolls 
in  order  to  maintain  the  sheet  at  forming  temperature  as  it  moved  awav 
bom  the  sheeting  die.  At  this  time  we  mounted  the  mold  on  a  car  with 
wheels  that  rolled  on  the  frame  of  the  conveyer.  By  setting  the  conveyer 
m  an  inclined  position,  we  were  able  to  return  the  mold  to  the  startin' 
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position  simply  by  the  force  of  gravity.  This  made  a  very  simple  and 
efficient  machine  for  forming  fairly  large  and  heavy  parts  with  shallow 
draws  for  the  refrigeration  industry. 

CONTINUOUS-FORMING  MACHINES 

Once  vacuum  forming  had  been  accepted  by  the  refrigeration  industry, 
its  designers  found  that  they  could  produce  deeper  and  more  complicated 
inner  door  panels  without  excessive  tooling  costs.  (These  newly  designed 
parts  could  no  longer  be  formed  by  straight  vacuum  forms.)  Late  in 
1954  we  built  the  first  of  a  series  of  continuous-drape  forming  machines 
to  form  these  more  complicated  refrigerator  panels.  In  this  machine,  the 
mold  was  mounted  below  the  sheet  and  a  holding  ring  was  inserted  above 
the  sheet;  later  a  plug  or  bar  assist  was  added  to  the  holding  ring.  The 
sheet  was  carried  through  the  forming  machine  by  gripping  the  edges 
between  two  chains.  The  mold  car  traveled  with  the  sheet  for  forming 
and  was  returned  by  an  air  cylinder.  This  machine  also  required  the  use 
of  takeaway  rolls  between  the  sheeting  die  and  the  forming  machines. 

It  was  at  this  time  that  we  recognized  the  potential  of  the  plug-assist 
vacuum  forming  techniques  for  disposable  packages  and  containers.  We 
designed  and  built  a  third  type  of  forming  machine  that  was  capable  of 
forming  light  gauges  of  material  at  very  high  production  rates.  In  this 
machine  we  combined  features  of  both  of  the  earlier  types.  We  used  a 
driven-roller  conveyer  table,  with  the  mold  on  top,  and  assist  plugs 
operating  through  a  gap  in  the  conveyer  table.  The  sheet  was  carried 
across  the  gap  in  the  table  by  gripping  the  edges  with  chains.  This 
machine  has  formed  flower  pots  that  are  2.5  inches  square  by  2.25  inches 
deep  from  0.040-inch  sheet  at  the  rate  of  17,280  parts  per  hour,  using  a 
48-cavity  mold  and  a  10-second  forming  cycle. 

Utilizing  the  experience  and  information  gained  by  actual  production 
of  this  third  type  of  continuous-forming  machine,  we  are  now  building  a 
fourth  design,  the  first  model  of  which  was  delivered  in  March  1957.  In 
this  model  we  eliminated  the  power-driven  rollers  and  used  the  chain 
mechanism  alone  to  convey  the  sheet  from  the  sheeting  rolls  through  the 
heating  and  forming  station.  The  entire  machine  was  made  heavier  and 
sturdier  so  that  it  could  operate  at  faster  forming  cycles,  and  better 
methods  of  controlling  all  phases  of  the  forming  operation  were  incor¬ 
porated  in  it.  We  also  added  enough  heating  capacity  to  the  machine  to 
form  parts  from  roll  stock  as  well  as  from  the  extruder.  This  machine  has 
formed  parts  from  light-gauge  material  on  a  four-second  cycle  at  a  linear 
speed  of  32  feet  per  minute.  It  is  possible  to  pre-print  roll  stock  to  make 
covers  and  other  shallow  parts,  using  a  photoelectric  cell  to  control  index¬ 
ing  in  the  forming  machine. 

All  of  our  earlier  work  and  most  of  our  recent  work  has  been  done  on 
high-impact  polystyrene.  Recently  we  have  had  very  good  results  with 
polyethylene  of  both  high  and  low  density.  We  have  run  samples  of 
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Typical  Costs  for  Continuous  Vacuum  Forming* 

Forming  from  Pre-Extruded  Roll  Stock: 

Brown  continuous-forming  machine  (includes  mold  temperature 

control  unit)  .  $15,000 

Plug  temperature  control  (heaters  and  instruments)  .  300 

Vacuum  pump,  60  cfm,  5-hp  . 

Air  compressor,  10-hp  . 

Fast-acting  hydraulic  trim  press,  75-ton  .  12,000 

Scrap  grinder  .  3,500 

total  .  $32,400 

Tooling  Costs  for  Disposable  Hot  Drink  Cup  (8-oz  Capacity): 

Water-cooled  forming  mold,  36-cavity  .  $  3,600 

Trim  die,  36-cavity  .  4,500 

total  .  $  8,100 

Extrusion  Equipment  Cost: 

Extruder  drive,  4Vi-in .  $18,000 

Hopper  loader-dryer,  complete  .  2,400 

Sheeting  die,  36-in .  2,700 

Polishing  and  sizing  rolls  .  5,000 

Roll  temperature  controls  (3  units)  .  2,100 

Miscellaneous  .  550 

total  .  $30,750 

The  total  cost  of  extrusion  and  continuous-forming 
equipment  thus  was  . $71,250 

*  These  are  basic  costs  only;  freight  and  installation  costs  are  not  included. 


several  other  thermoplastics  with  results  that  lead  us  to  believe  they  can 
be  successfully  formed. 


The  foregoing  case  histories  might  lead  one  to  think  that  there  are 
very  few  problems  connected  with  continuous  vacuum  forming — that  all 
one  must  do  is  buy  a  forming  machine,  an  extruder,  and  a  mold,  and 
egm  making  parts.  This  was  our  attitude  when  we  built  the  third  type  of 
machine  in  1955.  We  thought  the  plastics  industry  would  beat  a  path  to 

Z  n  °t°h  ?  US  bUSy  building  conti™ous-forming  machines  This 
of  th"s  ty^PPen’  °WeVer’  U  Was  SiX  m0nths  before  we  sold  another 

One  of  the  economic  problems  associated  with  continuous  fnrminc  ic 
the  comparatively  long  time  required  to  get  a  new  produTon the marked 
After  an  idea  has  been  conceived,  technical  development,  market  testing; 
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and  other  activities  must  be  carried  out  before  a  large-volume  demand 
exists  for  the  product.  A  flower  pot  being  formed  by  Kal  Plastics  of 
Beaverton,  Michigan,  is  a  case  in  point.  Not  until  six  months  after  the 
first  experimental  parts  were  made  was  the  production  mold  finished. 
Another  year  was  required  to  develop  a  volume  demand  for  this  item, 
even  though  it  has  an  excellent  design  and  is  economically  practical. 

Another  economic  problem  is  the  capital  investment  required.  The 
capital-investment  data  in  the  table  on  page  61  are  taken  from  actual 
operating  figures  for  1957.  It  should  be  observed  that  forming  and  extru¬ 
sion  costs  are  virtually  the  same  for  all  types  of  parts,  the  only  significant 
variations  being  in  tooling  costs.  (The  tooling  costs  shown  are  those  for 
an  8-ounce  disposable  hot-drink  cup.) 

*  *  * 

Despite  the  problems  involved,  I  firmly  believe  that  continuous  vacuum 
forming  is  the  most  practical  and  economical  way  to  form  thin  parts  of 
thermoplastic  sheet  at  high  production  rates.  The  development  of  new 
and  better  formulations  by  the  material  supplier  should  also  aid  in  develop¬ 
ing  markets  for  continuously  formed  parts.  For  the  future,  we  are 
developing  a  versatile  machine  that  will  form  packages  from  roll  stock, 
load  them  either  manually  or  automatically,  seal  on  a  cover,  and  deliver 
the  completed  package  at  the  end  of  the  machine. 

In  concluding,  I  wish  to  point  out  that  this  paper  represents  only  my 
own  experience  in  continuous  forming.  In  the  same  period  there  have 
undoubtedly  been  similar  and  parallel  developments  in  continuous-form¬ 
ing  machines  and  techniques  by  vacuum  formers  for  use  in  their  own 
plants,  as  well  as  by  other  machinery  manufacturers. 


Pressure  Forming 


LOUIS  H.  PFOHL 

President 
Plaxall  Inc. 

Long  Island  City,  New  York 


THE  COMBINED  EXPERIENCE  of  Plaxall  Inc.  and  Design  Center 
Inc.  represents  32  years  of  thermoforming.  Design  Center  Inc.  func¬ 
tioned  as  a  plastic-forming  company  from  its  founding  in  1938  until  1946. 
Since  1946  it  has  been  engaged  in  research  on  thermoforming  and  in  the 
manufacture  of  automatic  thermoforming  machinery,  which  it  licenses 
and  leases  to  other  companies.  Plaxall  was  established  in  1946  and 
specializes  in  the  manufacture  of  thermoformed  packages  and  industrial 
products.  It  operates  under  license  and  lease  from  Design  Center. 


THE  PRESSURE  FORMING  PROCESS 


All  thermoforming  is  a  combination  of  heat  and  pressure.  Vacuum 
forming  is  a  type  of  thermoforming  in  which  the  pressure  is  limited  to 
that  of  the  atmosphere  at  sea  level  (14.7  pounds  per  square  inch).  When 
we  speak  of  “pressure  forming,”  we  refer  to  that  type  of  thermoforming 
in  which  the  pressure  used  is  higher  than  vacuum,  starting  at  about  50 
pounds  per  square  inch  and  going  up  to  about  300  pounds  per  square 
inch.  This  pressure  may  be  applied  through  various  mediums,  the  most 
common  of  which  is  air.  In  some  cases  the  air  must  be  heated;  in  other 
cases  it  must  be  cooled.  For  some  formings  we  use  a  combination  of 
pressures,  starting  with  a  low  pressure  for  part  of  the  cycle  and  finishing 
with  a  higher  pressure.  For  some  materials  the  pressure  must  be  let  in 
slowly;  for  others  it  must  rush  in  as  quickly  as  possible.  We  have,  on 

some  occasions,  used  steam  pressure,  and  we  have  also  done  work  with 
other  pressure  mediums. 

In  combination  with  the  pressure  mediums,  we  use  various  types  of 
assists,  matched  dies,  and  meeting-point  dies.  One  item,  for  instance 
required  three  types  of  pressure  and  two  mechanical  dies,  all  of  which 
were  used  in  rapid  succession  at  one  station  to  produce  one  forming 

When  we  first  started  to  form  plastics  in  1938,  it  was  a  rather  crude 
process  We  laid  a  piece  of  plastic  on  a  flat  steel  plate  on  top  of  a  eas 
burner,  heated  it  to  a  plastic  state,  and  then  put  it  into  a  foot  press  The 
dies  in  the  foot  press  usually  consisted  of  a  pair  of  Bakehte  .hlt 
mounted  on  springs,  and  the  hot  material  was  manuallv  n hr  j  tS 

them.  As  the  male  punch  came  through  the  onenina  in  th  P  i  d  between 
the  material  into  shape  while  the  spring  pressure  between6  11  ^ 

ve„,ed  the  formation  of  wrinfc.es.  tL  nLf^a^e  o?  a^dra^c 
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press,  with  the  hold-down  plates  mounted  on  side  cylinders  and  the  male 
punch  mounted  on  a  center  cylinder. 

About  1942  we  started  to  work  on  pressure  forming.  The  first  pressure 
which  we  used  was  hydraulic,  with  hot  oil  as  the  medium.  Although  the 
method  as  such  was  successful,  so  much  oil  blew  out  between  the  dies 
that  by  the  time  we  finished  the  first  contract  the  walls,  the  ceiling,  and 
the  floor  of  the  shop  were  thoroughly  oil-soaked.  We  therefore  went  on 
to  other  forms  of  pressure.  We  continued,  however,  to  heat  the  pieces 
separately  and  to  insert  them  manually  into  position  in  the  press  before 
starting  the  cycle.  We  found  that  by  shielding  parts  of  the  plastic  or  by 
heating  some  parts  more  than  others  we  could  control  the  distribution  of 
the  material  and  produce  better  and  more  complicated  formings.  This 
was  the  beginning  of  what  we  call  the  “pattern  of  heating,”  which,  along 
with  pressure,  forms  an  important  part  of  thermoforming.  The  next  step 
was  to  develop  a  method  whereby  we  could  eliminate  the  use  of  sheets 
and  feed  directly  from  the  rolls.  The  final  step,  of  course,  was  to  combine 
all  of  these  features  together  automatically. 

Our  present  equipment  imposes  a  definite  pattern  of  heat  on  the  mate¬ 
rial  as  it  comes  off  the  roll,  transfers  and  registers  this  pattern  accurately 
over  the  forming  station,  exerts  the  forming  means  required  to  produce 
the  forming,  and  performs  successive  operations  (such  as  blanking,  print¬ 
ing,  and  punching)  before  the  formed  pieces  are  separated  from  the  web 
into  the  containers.  The  operator  stands  at  the  back  end  of  the  press  and 
watches  the  pieces  come  out.  If  production  requirements  justify  it,  a  filling 
machine  can  be  stationed  at  the  rear  to  fill  the  formed  cavities  as  they 
emerge  in  a  continuous  operation.  We  believe  that  the  forming  of  plastic 
containers  along  the  production  line  or  at  the  point  of  filling  will  be  a 
major  development  in  the  next  few  years. 

Since  no  plastic  material  is  completely  uniform,  either  in  thickness  or 
in  quality,  the  operator  must  be  able  to  adjust  the  heat  pattern,  the  speed 
of  the  cycle,  the  pressures,  the  length  of  hold-down,  and  the  heating  and 
cooling  of  the  dies  as  necessary  to  meet  the  material’s  variations.  Since 
we  are  running  some  items  at  speeds  of  20  complete  cycles  per  minute, 
we  must  have  precise  control  over  all  temperatures,  speeds,  and  pressures. 

There  has  been  much  excited  discussion — including  several  magazine 
articles — in  the  past  few  years  about  “new  developments”  in  forming 
sheet  plastics  directly  from  the  roll.  Without  intending  to  depreciate  any 
of  these  developments,  I  must  point  out  that  everything  we  have  pro¬ 
duced  since  1946  has  been  directly  from  the  roll.  As  a  matter  of  fact, 
we  are  now  running  such  diverse  materials  as  0.080-gauge  impact  styrene 
and  0.010-gauge  oriented  styrene  directly  from  the  roll. 

PRESSURE  FORMING  TOOLS 

It  goes  without  saying  that  the  tools  and  dies  which  we  use  must  be 
precise  and  well  made.  Almost  all  of  our  tools  are  made  of  metal — some 
cast,  some  machined,  some  sprayed.  Occasionally  we  use  epoxies  for 
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assists.  The  design  of  tools  and  dies  is  an  extremely  important  part  of 
pressure  thermoforming.  As  a  matter  of  fact,  the  design  of  pressure 
thermoforming  tools  is  considerably  more  involved  than  that  of  metal 
forming  tools,  because  there  is  not  only  pressure  but  also  temperature 
to  consider.  Although  we  have  developed  certain  basic  principles  which 
we  use  in  designing  these  tools,  we  still  find  that  each  job  must  be 
analyzed  by  itself.  Even  after  we  have  designed  and  built  hundreds  of 
sets  of  dies,  occasionally  we  build  one  that  requires  alterations  and 
changes  before  it  will  work. 

A  change  from  one  material  to  another  usually  affects  the  design  of 
the  dies  as  well  as  the  pattern  of  heat.  Sometimes  tools  which  we  have 
developed  and  used  for  one  material  have  to  be  radically  changed  for 
use  on  another  material.  We  believe  that  sheet  material,  in  gauges  of 
0.0075  to  0.010  inch,  is  the  most  temperamental  division  of  the  plastic 
family,  and  the  forming  range  is  sometimes  very  critical.  We  find  notice¬ 
able  differences  between  the  outer  and  inner  portions  of  the  roll;  between 
fresh  and  old  material;  and  between  material  received  on  a  cold,  dry  day 
and  that  received  on  a  warm,  humid  day.  The  answer  to  this  problem, 
of  course,  is  preconditioning  of  material  under  controlled  conditions,  and 
we  are  starting  to  do  this. 


WHERE  VACUUM  FORMING  LEAVES  OFF  .  .  . 


When  vacuum  forming  came  along  in  1945,  we  realized  that  it  had 
many  desirable  features.  It  was  simple,  the  machinery  was  not  very  com¬ 
plicated,  and  the  tools  and  dies  were  inexpensive.  We  felt,  however,  that 
it  was  only  an  intermediate  step,  and  that  the  real  future  of  thermoforming 
was  in  the  mass  production  of  low-cost  packages  and  industrial  products 
which  would  require  automatic  precision  forming  equipment.  For  that 

reason  we  bypassed  vacuum  forming  and  continued  our  original  line  of 
development. 


I  should  like  to  make  it  clear  at  this  point  that  there  is  no  conflict 
between  vacuum  forming  and  pressure  forming.  Each  has  its  own  par¬ 
ticular  uses,  and  automatic  pressure  forming  really  takes  up  where  vacuum 
forming  leaves  off.  For  a  large  display  piece  or  a  limited  packaging  job, 
or  for  refrigerator  doors  or  similar  large  pieces  which  cannot  be  made 
from  roll  material,  vacuum  forming  will  continue  to  be  the  most  popular 
medium.  If,  on  the  other  hand,  thousands  or  millions  of  pieces  per  day 
of  some  package  or  industrial  part  are  needed,  and  if  precision  and 

complete  uniformity  in  both  size  and  quality  are  required,  then  pressure 
forming  is  the  answer.  F 


The  thermoforming  industry  owes  a  great  debt  to  the  work  which  has 
been  done  in  vacuum  forming.  It  is  a  direct  result  of  the  interest  which 

the  ,“nH  Tg  haS  st,mulated  ,n  the  possibilities  of  thermoforming  that 
the  industry  has  progressed  so  far,  that  packages  and  products  can  be 

designed  so  freely  and  that  so  much  confidence  can  be  placed  in  the 
various  methods  of  production.  P  the 


66 


PLASTIC  SHEET  FORMING 


SOME  PRESSURE-FORMED  PRODUCTS 

The  best  way  to  illustrate  the  present  state  of  the  art  of  pressure  form¬ 
ing  is  by  concrete  examples.  Following  are  descriptions  of  various  items 
which  we  at  Plaxall  have  produced  on  automatic  pressure  forming  equip¬ 
ment. 

Ear  Specula.  For  the  Welch  Allyn  Company  of  Skaneateles  Falls, 
New  York,  we  make  a  disposable  speculum  for  use  on  an  otoscope 

(an  instrument  used  by  doctors  to  examine  the  ears).  It  is  required 

that  a  piece  of  plastic  be  formed  so  that  it  has  a  return  of  about  one- 

eighth  of  an  inch  at  the  top;  this  is  necessary  to  prevent  ear  wax  from 

getting  into  the  instrument.  The  hole  in  the  center  of  this  return  must  be 
punched  perfectly  clean.  At  the  lower  end  an  undercut  is  necessary  to 
permit  the  piece  to  snap  onto  the  otoscope  so  that  it  cannot  be  removed 
except  by  tearing.  It  is  further  required  that  these  be  packed  in  a  dis¬ 
penser  holding  40  each,  since  this  is  a  convenient  number  for  the  physician 
to  have  in  his  bag. 

We  consider  this  the  most  difficult  forming  job  we  have  ever  produced 
in  quantity.  The  material  used  is  0.010-gauge  vinyl  (supplied  by  the 
Bakelite  Company).  The  specula  are  produced  on  a  32-cavity  die  directly 
from  the  roll  at  the  rate  of  10  cycles  (or  320  pieces)  per  minute.  In 
this  cycle,  15  separate  operations  take  place,  including  three  distinct 
phases  of  pressure  forming  and  two  types  of  tool  forming.  The  pieces  go 
directly  from  the  roll  into  the  package. 

Slideplax  Packages.  The  Slideplax  form  of  construction  will,  we  believe, 
become  a  very  important  factor  in  the  packaging  industry.  Some  of  the 
items  already  being  packaged  in  Slideplax  are  handkerchiefs,  men  s  socks, 
babies’  panties,  cutlery,  rubber  gloves,  hearing-aid  batteries,  cotton  swabs, 
and  bow  ties. 

In  this  form  of  construction,  a  single  thin  piece  of  formed  transparent 
plastic  is  combined  with  a  slide-in  piece  of  cardboard  to  make  a  package. 
It  is  an  ideal  marriage,  combining  the  best  qualities  of  both  materials. 
Packages  of  this  kind  have  been  produced  for  as  little  as  one  cent.  We 
believe  that  such  packages  will  replace  the  blister  form  in  many  uses, 
because  they  can  be  easily  opened  to  inspect  the  contents.  Printing  can  be 
done  on  the  cardboard  economically.  For  shipping,  the  plastic  formings 
can  be  nested  very  compactly. 

Relief  Globes.  We  form  a  12-inch  relief  globe  of  the  world  from 
0  060-gau°re  impact  styrene,  which  is  made  for  us  by  Seiberling  Rubber 
Company  in  rolls  of  1,000  feet.  These  rolls  are  approximately  32  inches 
in  diameter,  and  the  entire  operation  is  again  automatically  fed  directly 
from  the  roll.  The  die  is  quite  complicated:  It  opens  in  five  segments  to 
release  the  forming  from  the  die,  and  then  closes  automatically  for  the 
next  cycle  These  maps  are  extremely  accurate.  (While  this  was  not  a 
packaging  job,  it  has  been  suggested  that  a  smaller  relief  globe  might  well 

be  made  into  a  package.) 
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Double-Wall  Display  Cases.  Another  important  development  is  a 
construction  which  we  call  “double-wall.”  This  is  used  in  the  cutlery 
cases  we  produce  for  Charles  D.  Briddell,  Inc.;  they  look  and  feel  much 
like  leather.  Both  the  lid  and  the  base  consist  of  two  formings,  which 
are  electronically  welded  all  around  and  have  a  piece  of  100-point  card¬ 
board  inserted  between  them  to  provide  structural  rigidity.  The  self-hinge 
is  formed  and  welded  over  a  thin  piece  of  wire.  The  leather  grain  texture 
is  produced  in  the  dies.  The  material  of  the  name  plate  is  a  piece  of 
gold-plated  butyrate,  which  is  formed  under  such  high  pressure  that  it 
actually  looks  like  an  engraving. 

We  also  use  double-wall  construction  to  make  a  counter-display  jewelry 
case  for  the  Speidel  Corporation.  The  form  of  construction  described 
above  is  used  for  this  article.  The  material  is  a  modified  form  of  Geon, 
the  ingredients  of  which  are  supplied  by  Goodrich  and  calendered  into 
sheets  by  Nixon.  A  special  formula  has  been  developed  to  achieve  a  very 
good  impact  strength  and  a  reasonably  high  heat-distortion  point  of  about 
170°F,  and  it  can  be  used  in  temperatures  as  low  as  — 160°. 

Grommets  and  Washers.  As  mentioned  earlier,  our  equipment  permits 
continuous  forming  and  blanking  operations.  In  other  words,  we  have 
multi-stage  operations  similar  to  those  used  in  metal  stamping.  One 
formed  cap,  for  instance,  requires  a  clean-cut  hole  precisely  in  its  center, 
and  the  outside  edge  must  be  closely  trimmed.  It  is  quite  possible  that 
operations  in  this  field  will  expand  greatly  and  that  plastic  caps,  grommets, 
and  washers  will  in  many  cases  take  the  place  of  metal. 

Caps  and  Bottle  Tops.  A  recent  important  development  is  the  new 
self-sizing  milk-bottle  cap  created  by  the  Sealright-Oswego  Falls  Corpora¬ 
tion.  This  cap  has  a  series  of  small,  fine  corrugations  around  the  rim 
and  is  automatically  pressed  down  over  the  bottle  top  by  means  of  a 
capping  machine.  At  that  time  it  adjusts  itself  to  the  size  of  the  individual 
bottle,  and  may  thereafter  be  taken  off  and  replaced  on  the  same  bottle 
a  number  of  times  and  still  retain  its  liquid-tight  seal.  This  item  is  being 
made  on  machines  built  and  licensed  by  Design  Center  Inc.  While  I 
cannot  disclose  the  exact  cycle,  I  can  state  that  each  machine  can  produce 
well  over  a  million  caps  per  day.  The  material  used  in  this  case  is  a 

special  formulation  of  non-toxic  0.010-gauge  vinyl  produced  by  the  Bake- 
lite  Company. 


Hairbrush  Packages.  We  make  the  family  of  Tek  Hughes  hairbrush 
packages— a  Slideplax  type  of  construction  which  consists  of  a  forming 
with  the  sides  bent  over  to  form  a  track  at  the  bottom.  The  material  used 
in  this  case  is  0.015-gauge  butyrate,  supplied  by  Chicago  Moulded  Prod- 
uc  s  Company  and  Jos.  Davis  Company.  By  using  tandem  dies,  we  are 
able  to  vary  the  quantity  of  the  different  shapes  as  required  We  have 
produced  as  many  as  90  pieces  per  minute.  4  na  e 


is 


Twine  Domes  Twine  has  been  taken  out  from  under  the 
now  displayed  in  the  new  Slideplax  twine  domes  marketed 


counter  and 
by  the  Linen 
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Thread  Company.  It  keeps  the  twine  so  neat  and  makes  it  so  convenient 
to  use  that  customers  are  buying  several  at  a  time — for  the  kitchen,  the 
workshop,  and  other  strategic  places  around  the  house. 

This  is  a  rather  difficult  forming  problem  in  that  a  reinforced  hole  has 
to  be  formed  and  punched  at  the  same  time  the  main  forming  takes  place. 
The  domes  are  made  nine  at  a  time  from  0.015-gauge  Celanese  acetate 
on  a  7-second  cycle. 

SOME  NEW  DEVELOPMENTS  AND  TECHNIQUES 

Preflocked  Material.  One  of  the  most  recent  forming  developments  is 
the  use  of  preflocked  material.  This  material,  which  is  produced  in  con¬ 
tinuous  rolls,  is  going  to  be  used  extensively  for  the  interiors  of  packages 
and  cases.  The  handsome  new  Schick  electric-razor  case  uses  two  pre¬ 
flocked  formed  pieces,  one  inside  the  top  and  one  inside  the  bottom  lid. 
They  are  made  from  0.030-gauge  impact  styrene,  which  is  supplied  by 
the  Gilman  Company  and  flocked  by  the  Nashua  Corporation.  They  are 
formed  three  sets  at  a  time,  at  approximately  nine  cycles  per  minute.  The 
pieces  are  formed  and  blanked  in  tandem  operations,  and  come  out  neatly 
stacked. 

Oriented  Styrene.  As  most  people  in  the  forming  field  know,  oriented 
styrene  has  many  desirable  features.  Because  of  its  tendency  to  contract, 
however,  it  has  been  a  very  difficult  medium  to  form.  Most  of  the  poly¬ 
flex  formings  produced  commercially  thus  far  have  been  processed  on 
large,  expensive  equipment  with  individual  forming  stations,  and  the 
pieces  of  material  have  had  to  be  blanked  before  being  formed.  We  are 
now  producing  41/2-inch  covers  for  food  containers  in  continuous  strips 
made  from  0.010-gauge  oriented  styrene.  Nine  of  these  are  produced 
at  a  time. 

Individual-Portion  Units.  We  make  an  item  for  holding  the  paints 
used  with  the  numbered  “do  it  yourself”  paint  sets.  Seventy-two  of  these 
cups  are  formed  at  a  time  on  one  machine,  and  the  lids  on  another. 
After  being  formed  and  scored,  each  cup  and  lid  is  allowed  to  remain  in 
the  webs  for  handling  and  filling.  The  scoring  leaves  only  0.001  inch  of 
material.  An  automatic  filling  machine  fills  36  of  these  cups  at  one  time; 
they  then  move  to  the  next  station  where  the  sheet  of  lids  is  applied.  (The 
lids  are  all  friction-fit.)  At  the  pushout  station  the  36  filled  units  are 
separated  from  the  web  into  the  shipping  container. 

We  believe  that  this  method  of  filling  and  capping  offers  great  possibili¬ 
ties  for  unit  portions.  It  will  be  used  not  only  for  food  and  condiments 
but  also  for  cosmetics,  medical  items  such  as  salves,  and  many  other  items 
where  only  a  small  portion  is  needed  at  one  time.  During  a  period  of 
less  than  two  years  we  made  over  130  million  of  these  units. 

Deep  Forming.  Until  quite  recently,  we  limited  the  depth  of  a  thermo- 
formed  piece  to  its  diameter.  In  other  words,  a  forming  1  inch  in  diameter 
could  not  be  drawn  much  deeper  than  1  inch.  One  of  our  items,  which 
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represents  a  radical  departure  from  this  rule — and  a  big  step  forward  for 
the  thermoforming  field— is  made  of  0.020-gauge  vinyl.  It  has  a  'A  -inch 
opening  and  a  *A- inch  depth  (a  three-to-one  forming).  These  openings 
were  spaced  3/4  inch  on  center.  We  believe  that,  with  other  developments 
which  are  taking  place,  it  may  soon  be  possible  to  go  down  to  an  even 
deeper  ratio.  The  field  opened  by  this  development  is  tremendous. 

GENIE  OF  THE  PLASTICS  INDUSTRY 

As  far  as  we  could  determine  by  a  private  survey  of  the  thermoforming 
field,  the  entire  industry  has  a  present  annual  output  of  about  $25  million. 
In  view  of  some  additional  research,  I  should  like  to  predict  that  by  1962 
the  thermoforming  industry  will  have  an  annual  output  of  $100  million, 
and  by  1967  of  $250  million.  This  growth  will  take  place  in  many  fields, 
among  which  will  be  the  following: 

•  Food  packaging. 

•  Caps,  bottle  tops,  lids,  and  medical-examination  accessories. 

•  Plastic  cups  and  plates  (disposable). 

•  Containers  for  unit  portions  of  paints,  creams,  ointments,  oils,  condi¬ 
ments,  and  other  such  products. 

•  Grommets,  plugs,  washers,  and  similar  products. 

•  Industrial  products  in  the  area  between  metal  and  paper. 

•  Entirely  new  products  based  upon  the  individual  characteristics  of 
new  plastics. 

•  Deep  formings,  such  as  vials,  test  tubes,  bottles,  and  so  forth. 

Sheet  forming,  the  so-called  “sleeper  of  the  plastics  industry,”  is  like  a 
genie  in  the  Arabian  Nights  stories — always  ready  to  spring  into  action 
at  your  call.  It  has  the  engineering  skill,  the  experience,  and  the  equip- 
ment  needed  to  produce  almost  any  thermoformed  products  or  packages 
which  you  may  dream  up— and  in  almost  unlimited  quantities. 


Air  Slip  Forming 

JOHN  G.  HENDRICKSON 

Vice  President 
Welding  Engineers,  Inc. 
Norristown,  Pennsylvania 


\T ACUUM  FORMING  has  generally  been  confined  to  two  types  of 
’  operation:  “male”  and  “female”  forming.  In  the  female  operation, 
the  sheet  is  brought  into  contact  with  the  mold,  a  vacuum  is  created  on 
the  inside,  and  air  pressure  forces  the  sheet  into  the  mold  cavity.  In 
male  forming,  the  mold  is  forced  into  the  sheet,  a  vacuum  is  created  on 
the  outside,  and  the  sheet  is  formed  over  the  mold.  There  are  many 
merits  to  each  system,  but  it  is  generally  recognized  that  male  molding 
makes  it  possible  to  draw  a  deeper  part  and  permits  a  greater  range  of 
shapes  and  sizes. 

The  AirSlip  process  of  forming  is  primarily  a  refinement  of  the  male 
type  of  molding.  Thus  far — although  we  have  attempted  it  in  our  labora¬ 
tories — we  have  not  found  it  practical  to  use  the  AirSlip  principle  in 
forming  with  a  female  mold.  Basically,  the  AirSlip  process  is  merely  the 
blowing  of  a  bubble,  much  the  way  a  boy  blows  bubble  gum.  The  sheet 
is  pre -expanded,  thereby  allowing  the  male  mold  to  protrude  further  into 
a  sheet  of  uniform  thickness  before  it  distorts  that  thickness  by  touching 
the  sheet  and  freezing  it;  such  distortion  causes  the  sheet  to  stretch  in  an 
unnatural  manner.  The  AirSlip  principle  was  developed  in  1956  by 
Hydro-Chemie  Limited  of  Zurich,  Switzerland,  and  the  company  received 
a  patent  on  this  unique  way  of  forming  thermoplastic  sheet.  Welding 
Engineers  is  the  sole  U.S.  licensee  for  this  process  and  thus  is  the  only 
equipment  manufacturer  in  the  country  which  can  offer  this  added  advan¬ 
tage  on  production-type  equipment. 

Many  people  ask  what  AirSlip  can  do  for  them  that  plug  assists,  snap- 
backs,  or  similar  modifications  on  conventional  male  or  female  molding 
cannot  do.  For  one  thing,  AirSlip  allows  the  fabricator  to  throw  out  the 
traditional  “Point  Seven  Rule.”  This  rule  states  that  the  sheet  allowance 
between  the  male  mold  and  the  clamp  bar  must  be  0.7  times  the  height 
of  the  mold  that  is  to  be  used.  AirSlip  makes  it  possible  to  replace  this 
Point  Seven  Rule  with  a  Point  Three  Rule,  thus  in  many  cases  giving  the 
fabricator  the  advantage  of  being  able  to  save  up  to  57  per  cent  of  sheet 
which  otherwise  would  have  to  be  cut  as  trim  and  either  thrown  away  or 
reprocessed. 
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The  second  advantage  of  AirSlip  over  other  methods  is  that  it  makes 
possible  a  more  uniform  gauge  in  the  finished  part,  thus  permitting  tie 
fabricator  to  use  a  thinner  sheet  of  material  to  obtain  the  desired  thickness 

in  the  finished  part.  . 

The  third,  and  possibly  the  most  important,  advantage  of  AirSlip  is 

that  it  actually  orients  the  sheet,  thus  assuring  the  fabricator  of  a  stronger 
part  for  the  gauge  of  material  he  uses. 

In  general,  one  can  say  that  AirSlip  helps  the  fabricator  form  a  safer, 
stronger,  and  more  useful  part  and,  at  the  same  time,  save  himself  money. 
Today,  AirSlip  is  employed  in  many  of  the  important  lines  of  business 
in  which  vacuum  forming  has  found  a  firm  foothold.  In  the  luggage  busi¬ 
ness,  the  AirSlip  method  is  used  to  insure  proper  strength  in  the  corners 
of  the  shells  and  also  to  provide  the  simulated  grain  which  is  most  desir¬ 
able  in  this  application.  In  the  tote-box  field,  AirSlip  gives  boxes  for  the 
food  and  parts  industries  strength  and  longevity.  In  the  refrigeration  in¬ 
dustry,  the  first  commercial  application  of  the  AirSlip  principle  of  forming 
has  been  employed  to  produce  the  entire  inner  freezer  compartment  for 
the  six-  and  eight-cubic-foot  refrigerator;  this  application  will  permit  the 
wider  use  of  plastic  materials  in  the  refrigeration  industry  and  provide 
many  outlets  for  specialized  services. 

We  at  Welding  Engineers  feel  that  vacuum  forming  is  on  the  threshold 
of  an  entirely  new  life.  We  trust  that,  through  the  application  of  the 
AirSlip  principle  and  continued  improvement  in  forming  techniques,  we 
will  be  able  to  play  a  major  part  in  this  growing  industry. 
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“Show’  Business  Means  More  Business! 


Increasing  Sales  Through 
Visual  Formed-Plastic  Packaging 

JOSEPH  E.  SIMON 

President 

Franklin  Metal  &  Rubber  Co. 

Hatboro,  Pennsylvania 


TpHE  GUIDED  MISSILE  is  a  self-contained  unit:  Once  it  has  been 
fired  from  a  specific  location,  it  delivers  its  warhead  to  a  predeter¬ 
mined  target  with  the  force  generated  by  its  own  power  plant.  The  formed- 
plastic  package  has  an  analogous  mission:  It  must  contain  a  product 
economically,  guide  it  through  various  channels  of  distribution  to  the 
retailer’s  shelf,  and  sell  it  to  the  consumer.  Since  the  manufacturer  cannot 
be  on  hand  at  every  turn  to  guide  the  product  to  its  target,  he  must  pro¬ 
vide  it  with  features  that  will  move  it  along  on  its  own.  There  must  be 
some  reasonable  assurance  that  the  product  will  wind  up  as  a  sale  soon 
after  it  becomes  part  of  the  dealer’s  stock. 


THE  NEW  LOOK  IN  MERCHANDISING 

To  better  understand  the  present  and  prepare  for  the  future,  it  is  always 
wise  to  analyze  the  past.  Previously,  a  manufacturer  was  primarily  in¬ 
terested  in  a  good  design  for  his  product:  It  had  to  perform  its  functions 
well  enough  to  be  wanted  by  the  general  public.  The  manufacturer  took 
considerable  interest  in  quality,  usefulness,  and  price.  Then  he  considered 
a  method  of  distribution,  for  he  knew  that  the  product  had  to  reach  the 
market  through  a  jobber,  a  chain,  or  even  direct  means.  Not  much 
attention,  however,  was  given  to  merchandising  the  product  at  the  point 
of  sale.  Merchandising  was,  of  course,  a  known  and  considered  factor, 
but  it  was  generally  left  to  distributors  at  the  retail  level.  They  were 
responsible  for  sales  promotion  ideas,  displays,  and  the  training  of  sales 
personnel.  Up  to  the  post-World  War  II  era,  this  procedure  worked  The 
reta1  er  or  the  chain  operator  could  be  depended  upon  to  guide  the  prod- 

fashioned  ^  “  *  Sp0Uer  P'a"e  ,OCa*d  W  old- 

Then  came  the  atomic  age-the  age  of  specialization.  Along  with 

Ik"?  fT“u  m  milltary  sclence  came  entirely  new  techniques  in 
methods  of  distribution  to  new  and  formerly  unheard  of  mass  markets 
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Manufacturers  were  forced  to  fit  their  products  to  this  new  idea  of  mer¬ 
chandise  priced  for  the  mass  market.  We  had  reached  the  age  of  self- 
service,  self-selection,  and  impulse  buying.  All  of  these  factors  forced 
the  manufacturer  to  become  vitally  interested  in  merchandising  his 
product  in  such  a  way  that  it  would  sell  itself  on  the  counter.  No  longer 
could  he  depend  on  an  advance  spotter  plane  to  guide  it  to  the  sales 
target.  In  swift  order,  merchandising  had  changed  from  a  hit-or-miss 
operation  to  a  sure-fire  guided-missile  setup — and  it  was  up  to  the  manu¬ 
facturer  to  install  the  necessary  firepower  and  guidance  system. 

To  continue  our  missile  analogy,  it  is  impossible  to  be  assured  of  a 
direct  hit  unless  the  rocket  has  the  proper  fuel.  In  the  case  of  a  product, 
the  package  plays  a  similar  vital  role.  Early  in  1954  we  recognized  this 
challenge  and  began  to  search  about  for  a  better  “fuel”  that  would  guide 
our  products  to  their  targets.  We  surveyed  all  the  existing  fields  of  pack¬ 
aging  and  began  experimentation  with  such  known  forms  as  folding  boxes, 
window  boxes,  plastic  bags,  plastic  boxes,  and  counter  cards.  None  of 
these  existing  packages,  however,  seemed  to  meet  the  new  challenge  of 
packaging  for  self-selection  and  self-service.  To  find  out  what  we  needed, 
we  asked  the  following  questions  of  each  type  of  package  investigated: 

1.  Does  it  attract  sufficient  attention? 

2.  Does  it  protect  the  merchandise  adequately? 

3.  Can  it  be  handled  without  breaking  or  falling  apart? 

4.  Can  the  consumer  recognize  and  readily  identify  the  packaged 
product? 

5.  Can  it  be  shown  how  the  product  is  used  right  on  the  package — 
through  illustrations  and  instructions? 

6.  Can  the  directions  be  easily  seen  and  followed  by  the  consumer? 

7.  Is  there  enough  room  to  allow  selling  copy  to  add  “impulse”  to 
the  sale? 

8.  Will  the  package  design  help  to  reduce  pilferage,  especially  of  the 
smaller  items? 

9.  Is  the  package  itself  reasonably  inexpensive,  so  that  any  added 
cost  would  not  change  the  selling  price  enough  to  put  it  out  of  the 
competitive  field? 

After  much  experimentation,  we  came  to  the  conclusion  that  a  com¬ 
bination  of  a  formed-plastic  blister  and  an  attractive  display  card  (con¬ 
taining  selling  copy  and  illustrations,  and  using  the  reverse  side  for 
directions)  would  be  the  answer  to  this  challenge.  In  fact,  this  very  type 
of  package  answered  all  of  the  above-mentioned  questions  in  the  affirma¬ 
tive. 

Once  we  knew  what  was  proper  in  the  way  of  visual  packaging  tor  an 
item,  the  final  question  was:  Just  when  is  this  type  of  preformed  blister 
packaging  right  for  an  item,  or  for  an  assortment  of  items?  The  deter¬ 
mining  factors  are  the  size  and  weight  of  the  product  itself.  When  the 


“Show”  Business  Means  More  Business! 


77 


product  has  to  extend  more  than  half  an  inch  away  from  the  card  to 
which  it  is  sealed,  and  at  the  same  time  has  considerable  weight,  blister 
packaging  is  the  answer.  By  means  of  a  blister  pack,  an  item  can  be 
properly  and  firmly  sealed  between  two  cards  sufficiently  thick  to  support 
it  in  place,  and  the  flanges  of  the  preformed  blister  act  as  a  locking  device. 
Naturally,  the  blister  itself  must  be  heavy  enough  to  hold  the  item  from 
breaking  loose.  A  preformed  blister  guarantees  the  product  against  poor 
visibility  and  distortion. 


BIRTH  OF  A  BLISTER  PACK 


Our  own  particular  field — the  manufacture  of  hardware  and  houseware 
products — offered  a  great  incentive  to  better  packaging,  for  products  in 
our  industry  were  so  poorly  packaged  that  any  manufacturer  who  could 
break  through  the  “package  barrier”  was  almost  assured  of  success.  As 
pioneers  in  our  field,  we  met  with  the  usual  resistance  to  change;  we 
were  considered  too  radical  and  many  years  ahead  of  our  time. 

In  this  regard,  however,  consider  the  rapid  growth  of  the  supermarket: 
The  public  wanted  merchandise  in  packages  that  would  make  self-selec¬ 
tion  and  self-service  easy. 

Our  first  Vista-Pak  line  was  introduced  early  in  1955,  approximately 
nine  months  after  we  had  conceived  the  idea.  Items  from  our  line  had 
to  be  chosen.  Plastic  forms  had  to  be  designed  and  copywritten,  and 
printers  had  to  be  chosen  for  their  ability  to  achieve  the  effect  we  wanted 
in  our  presentation.  Since  we  elected  to  enclose  preformed  plastic  blisters 
between  two  cards,  we  had  to  choose  a  proper  method  of  sealing  the 
merchandise  inside  the  cards. 


The  package  elements  consisted  of  two  separate  cards — a  face  card 
and  a  back  card — both  coated  with  a  latex  cement  that  would  adhere  only 
to  itself  and  to  the  preformed  blister.  At  first  we  did  all  the  packaging 
by  hand:  The  face  card  was  put  down  with  its  die-cut  to  hold  the  blister; 
the  blister  was  inserted;  the  merchandise  was  placed  in  the  blister;  the 
back  card  was  placed  over  the  face  card  and  the  flange  of  the  blister;  and 
pressure  was  applied.  In  the  past  three  years,  we  have  developed  various 
mechanical  means  of  speeding  up  this  process. 

Once  the  item  was  packaged,  it  had  to  be  shipped.  Our  well-conceived 
presentation  had  to  arrive  on  the  dealer’s  shelf  in  perfect  condition  if  it 
was  to  do  the  job  of  hitting  the  sales  target  every  time.  In  the  beginning 
is  packaging  for  shipping  was  something  of  an  engineering  feat'  We 
actually  overpackaged  Vista-Pak  in  specially  designed  corrugated  cartons 
to  guarantee  against  damage  in  shipment.  We  met  considerable  resistance 
in  the  marketplace  It  took  a  progressive  mind-one  in  tune  with  modern 
imes  to  realize  that  this  new  type  of  package  was  exactly  what  the 
octor  ordered  to  move  more  merchandise  at  the  retail  level  Conse 
quent  y,  our  first  success  in  selling  it  to  the  trade  was  with  the  chain  store 
operators-the  people  who  were  looking  for  “guided  missile”  produ^ 
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that  would  sell  themselves  to  the  customer  on  sight,  with  a  minimum 
of  sales  effort. 

BREAKING  THE  PACKAGE  BARRIER 

Our  modest  start  in  the  visual-package  field  was  with  a  few  items  that 
lent  themselves  naturally  to  this  new  vehicle  of  presentation.  This  small 
start,  however,  was  enough  for  us  to  recognize  almost  immediately  that, 
although  the  blister  pack  is  not  the  sole  answer  to  all  packaging  require¬ 
ments  in  the  consumer  field,  it  has  its  place  among  other  types  of  top- 
quality  packaging.  We  knew  we  were  on  the  right  track.  Our  line  was 
developed,  and  we  had  gained  acceptance  from  a  number  of  top  mer¬ 
chandisers.  From  every  point  of  view,  we  had  the  package  that  would 
sell  merchandise  faster  than  any  former  type  of  presentation — from  bulk 
to  the  conventional  box  and  bag.  Theory,  however,  can  be  proved  only 
by  tests  in  the  field.  We  decided  to  prove  conclusively — to  ourselves,  as 
well  as  to  our  potential  customers — that  Vista-Pak  would  outsell  any 
other  form  of  packaging  on  a  competitive  basis,  even  when  it  cost  a  little 
more  for  the  same  item. 

This  test  came  about  in  a  very  natural  way.  In  accordance  with  our 
belief  in  visual  packaging,  we  designed  a  new  and  entirely  different  (even 
for  the  blister  pack)  double-sided  blister  for  our  “Sure-Guide”  tank  ball 
and  rod.  The  new  blister  package  costs  approximately  two  cents  more 
than  the  canister  in  which  we  formerly  packaged  this  item.  It  was  offered 
to  all  customers  who  were  then  purchasing  this  tank  ball  in  the  canister. 
One  major  account  balked,  claiming  that  the  increased  price  threw  the 
tank  ball  out  of  line  competitively.  We  were  able,  however,  to  persuade 
him  to  try  it  out  in  ten  of  his  top  stores.  Further,  to  really  test  Vista-Pak’s 
salability,  he  offered  to  place  it  on  the  counter  priced  at  69  cents,  next 
to  the  canister  tank  ball  priced  at  49  cents.  This  spread  of  20  cents  per 
tank  ball  was,  of  course,  exaggerated — the  increased  cost  did  not  make 
it  necessary. 

The  results  were  that  every  one  of  the  test  stores  almost  immediately 
reported  excellent  sales  on  the  Vista-Pak  tank  ball — even  at  the  new 
price  of  69  cents.  At  the  same  time,  the  canister  package  of  the  same 
product,  still  priced  at  49  cents  right  beside  the  new  arrival,  continued  to 
drag  in  sales.  The  final  accounting  showed  that  Vista-Pak  outsold  the 
canister  five  sales  to  one — even  at  20  cents  more  per  tank  ball.  This  test 
also  proved  that  people  want  a  package  that  shows  them  clearly  at  a 
glance  what  they  are  getting:  They  want  the  manufacturer,  the  distributor, 
and  the  dealer  to  make  it  easy  for  them  to  spot  the  merchandise  and  to 
learn  what  it  is  for,  what  it  will  do  for  them,  and  just  how  they  can  use 
it.  All  this  information  must  be  conveyed  in  a  few  short  moments  of 
time.  No  wonder  visual  packaging  in  an  attractive  blister  card  is  the 
answer! 

In  three  short  years,  our  Vista-Pak  has  been  accepted  nationally,  hit¬ 
ting  the  sales  target  each  time  the  product  reaches  the  dealer’s  or  chain- 
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store’s  counter.  Jobbers  still  balk  from  time  to  time  and  insist  on  doing 
business  at  the  old  antiquated  stand  of  bulk  sales  at  the  lowest  prices. 
Some  still  insist  on  guiding  sales  via  the  undercover,  hit-or-miss  asked 
for”  product  in  bulk.  These  procedures,  however,  are  on  the  wane,  and 
visual  packaging  can  be  considered  an  accepted  fact  in  our  trade  at  this 
time. 

Again  I  must  stress  the  fact  that  the  only  real  resistance  ever  met  with  by 
Vista-Pak  is  in  the  matter  of  cost.  The  dealer  must  charge  a  little  more 
for  the  same  item  when  it  is  in  a  blister  pack.  To  prove  that  the  extra 
few  cents  are  well  spent,  however,  it  is  only  necessary  to  visit  a  super¬ 
market.  Are  not  the  packaged  fruits,  vegetables,  and  meats  far  preferable 
to  the  exposed  meats  and  produce  of  the  old-time  grocery  store?  It  is 
often  said  that  a  woman  who  will  squeeze  the  grapefruits  to  see  if  they 
are  ripe  will  finally  buy  one  she  has  not  squeezed — because  who  wants 
to  take  home  handled  food?  Visual  packaging  makes  it  possible  to  inspect 
produce  and  be  sure  that  it  is  clean  when  it  reaches  the  consumer. 


PICKING  THE  PROPER  PACK 


Fundamentally,  then,  the  question  is:  How  much  will  a  consumer  pay 
to  have  a  properly  packaged  article?  The  answer  is  that  he  will  pay  a 
reasonable  price  based  on  need  and  presentation.  No  one  can  determine 
that  figure  precisely.  Often,  what  a  manufacturer  considers  high  will  be 
considered  reasonable  by  the  consumer.  Each  item  should  be  treated  on 
its  own  merits. 


Blister  packs  have  as  competitors  poly-cell  bags,  polyethylene  bags, 
skin  packs,  display  boxes,  carded  merchandise,  and  bulk  merchandise. 
In  every  case,  the  blister  pack  promises  to  outsell  its  competitors  by  far. 
The  blister  pack  is  not  a  cure-all  for  packaging  problems.  Many  items 
lend  themselves  best  to  poly-cell  or  polyethylene  bags  attached  to  attrac¬ 
tive  header  cards,  while  skin  packing  works  out  better  for  others. 

Here  are  the  rules  by  which  we  at  Franklin  determine  when  a  package 
meets  the  requirements  for  “guided  missile”  packaging: 

1.  It  must  be  visual — that  is,  the  item  must  be  in  full  view  for  the 
customer  to  see. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 


It  must  be  colorful  and  eye-appealing  enough  to  invite  self-service 
pickups. 

It  must  create  sales  by  reminding  a  customer  that  he  wants  that 
item  and  should  buy  it  now. 

It  must  deliver  a  short  and  to-the-point  sales  message. 

It  must  include  directions  telling  how  to  use  it. 

It  must  protect  the  product  and  keep  it  clean  and  safe. 

It  must  not  be  expensive. 

It  must  be  easy  to  handle,  stock,  and  display. 

The  shelf-pack  (the  smallest  unit  in  factory  packing)  must  not  he 
too  large  for  any  individual  retailer  to  buy.  P  1  not  be 


80 


PLASTIC  SHEET  FORMING 


Having  taken  these  rules  into  consideration,  anyone  who  is  considering 
the  use  of  plastic  packaging  for  the  first  time  should  ask  himself  the  follow¬ 
ing  basic  questions: 

•  What  type  of  plastic  packaging  will  best  fit  my  products? 

•  Have  I  an  internal  organization  ready  and  able  to  carry  through  this 
new  plan  for  merchandising  these  products? 

•  Do  I  have  the  packaging  facilities  to  accomplish  these  goals? 

•  Am  I  willing  to  use  the  manufacturing  and  warehouse  space  neces¬ 
sary  for  stocking  the  component  parts  required  for  plastic  packaging? 

•  Do  I  have  machinery,  or  am  I  willing  to  develop  or  purchase  it,  to 
keep  my  packaging  costs  to  a  minimum? 

•  Have  I  obtained  positive  proof  that  the  form  of  packaging  I  have 
selected  will  increase  my  sales  at  the  point  of  purchase? 

•  Am  I  willing  to  develop  a  line  of  products  with  a  merchandising 
program  and  display  pieces  that  will  make  it  worthwhile  for  a  jobber 
or  retailer  to  handle  my  products  as  a  family? 

These  are  only  a  few  of  the  questions  that  should  be  answered  before 
proceeding  with  a  program  of  plastic  packaging. 

PROMOTING  THE  VISUAL  PACKAGE 

Visual  packaging  stimulates  increased  sales  without  the  aid  of  salesman¬ 
ship  or  clerks’  time  and  actually  reduces  costs  for  the  dealer.  It  is  the 
perfect  companion  for  self-service  merchandising,  being  suited  to  service 
a  mass  market  and  overcome  excessive  labor  costs. 

In  a  paper  published  by  the  American  Management  Association  in 
1955,*  I  stated  that  most  manufacturers  of  packaging  machinery  and 
equipment  had  not  kept  pace  with  the  then  much  newer,  but  still  very 
active,  vacuum  forming  industry.  It  was  my  contention  then  that  they 
should  have  been  much  more  willing  to  devote  energy  to  improving  the 
assembling  of  the  vacuum-formed  packages.  This  statement  is  still  true — 
more  than  two  years  of  progress  in  visual  packaging  later.  To  the  plastic 
film  firms,  which  provide  the  basic  material  from  which  the  entire  visual 
packaging  industry  has  grown,  I  suggest  the  establishment  of  an  agency 
to  encourage  more  manufacturers  to  adopt  visual  packing  for  their  prod¬ 
ucts.  They  should  put  items  in  sample  blister  packs,  thus  showing  pro¬ 
ducers  through  visual  comparison  how  formed-plastic  packages  can 
improve  sales,  item  for  item,  in  comparison  with  conventional  methods 
of  packing.  If  the  film  manufacturer  does  not  want  to  set  this  department 
up  internally,  he  can  make  use  of  a  firm  of  package  design  engineers  to 
handle  this  part  of  the  program. 

Plastic  film  firms  should  also  work  more  closely  with  machinery  manu¬ 
facturers  to  help  design  and  improve  present  methods  (of  which  there  are 
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a  scant  few)  of  actually  attaching  merchandise  to  the  blister  and  the  card. 
This  is  a  very  important  function,  for  it  is  at  this  point  that  considerable 
labor  is  required  unless  automatic  equipment  can  be  designed  to  speed 
up  the  final  assembly  of  blister,  card,  and  merchandise. 

Visual  packaging  is  here  to  stay.  It  is  the  duty  of  everyone  concerned 
with  this  new  form  of  packaging  to  work  out  methods  of  producing  it 
faster  and  more  efficiently.  As  we  improve  on  the  presentation  of  an 
item  and  stimulate  its  use  and  acceptance,  we  must  keep  its  cost  in  line 
with  the  American  concept  of  mass  production  for  mass  markets.  In  my 
opinion,  we  can  bring  these  costs  down  to  the  point  where  the  only 
difference  between  the  cost  of  a  blister  package  and  that  of  an  older-style 
package  will  be  the  actual  costs  of  the  materials  themselves.  Such  a  dif¬ 
ference  in  the  cost  of  new  packaging  materials  should  be  so  slight  that 
manufacturers  can  easily  absorb  it,  and  thus  are  able  to  offer  their 
products  in  a  visual  package  at  the  same  price  charged  for  conventionally 
packaged  products.  When  this  point  has  been  reached,  formed-plastic 
packaging  will  have  come  of  age. 


Pens  in  Skin 
And  Other  Packages 

JACK  E.  PREGONT 

Vice  President — Sales 
Pan-O-Ramic  Package  Company 
Janesville,  Wisconsin 

A  CTUALLY,  “pens  in  skin” — by  which  I  refer  specifically  to  the 
^  ^  Parker  “Jotter”  refill  skin  packs — are  only  one  of  the  new  packaging 
developments  in  which  we  are  pioneering  at  Pan-O-Ramic  Package 
Company.  In  the  discussion  that  follows,  I  shall  describe  briefly  the 
methods,  machines,  and  materials  we  use  in  the  skin-packaging  process  in 
general;  our  experiences  in  packaging  the  Parker  “Jotter”  refill;  and  some 
other  new  packages  of  which  we  at  Pan-O-Ramic  are  especially  proud. 

METHODS— MACHINES— MATERIALS 

Skin  packaging  is  a  simple  forming  operation.  We  use  a  special  coated 
board  which  is  perforated  to  allow  air  evacuation.  This  board  is  placed 
on  the  machine,  and  the  items  to  be  packaged  are  placed  on  the  board. 
(Articles  which  will  not  remain  in  the  desired  position  must  be  assisted.) 
A  thermoplastic  sheet  is  heated  to  forming  temperature  and  draped  over 
the  articles  and  the  board.  A  vacuum  is  created,  and  the  sheet  is  formed 
over  the  items  and  sealed  to  the  board.  Finally,  the  cards  are  die-cut. 

Forming  Machines.  The  forming  machines  demand  considerable  atten¬ 
tion.  The  work  or  die  area  should  be  at  working  height;  if  the  die  area 
moves,  the  movement  should  be  smooth.  Temperature  controls  are  not 
necessary,  but  they  help  when  thin-gauge  plastic  is  used  and  also  provide 
better  working  conditions  for  the  operator.  Loading  jigs  and  holding 
devices  must  be  designed  to  suit  particular  products.  The  cycle  timers 
should  be  accurate  and  dependable. 

Cutting  and  Slitting.  The  die-cutting  of  the  formed  packages  can  be 
done  on  platen  presses,  but  such  usage  is  limited  by  the  dimensions  of 
the  item.  Hydraulic  presses  are  popular  and  have  been  used  successfully. 
Slitting  is  accomplished  by  running  the  package  through  knives  similar  to 
those  used  in  a  box  operation.  Several  machines  currently  being  used  cut 
in  both  directions  but  do  not  cut  a  hole  for  hanging  the  package. 

Boards  Coatings,  and  Inks.  Although  clay-coated  newsboard  is  widely 
recommended  for  this  usage,  we  have  found  that  white,  solid  bleached 
kraft  board  also  provides  a  good  bond  to  the  blister.  Our  experience  has 
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shown  white  kraft  to  be  a  stronger  board  because  its  long  natural  fibers 
are  undisturbed.  Also,  with  clay-coated  board  there  is  always  the  possi¬ 
bility  of  delamination. 

Board  coatings  must  be  ruptured  to  allow  the  evacuation  of  air.  For 
this  purpose,  we  use  a  very  slight  pinpoint  puncture,  and  the  hole  is 
seldom  noticeable.  One  alternative  is  to  dent  the  board  in  a  pattern  and 
coat  only  the  ridges.  Although  some  firms  have  their  own  coating  ma¬ 
chines,  many  have  turned  to  vendors  because  the  coatings  are  inflammable 
and  have  a  disagreeable  odor.  Often,  too,  they  are  hard  to  handle.  If 
purchased,  the  coated  board  should  be  turned  over  rapidly  in  inventory, 
and  not  allowed  to  exceed  the  recommended  age. 

About  the  only  special  requirement  for  inks  used  on  board  for  skin 
packaging  is  that  they  be  heat  resistant.  Large  areas  of  reversed  printing 
should  be  avoided. 

Plastics.  The  three  most  popular  plastics  used  are  acetate,  butyrate, 
and  vinyl.  Although  acetate  is  the  cheapest,  it  causes  considerable  curl 
and  is  hard  to  handle.  Butyrate  causes  less  curl  than  acetate,  and  it  has 
been  our  experience  that  it  provides  a  better  seal  between  the  blister  and 
the  board.  Vinyl  is  the  strongest  material  and  does  not  cause  any  curl; 
its  good  yield  and  strength  compensate  for  its  higher  price. 

Product  Acceptability  to  Process.  Not  all  products  are  amenable  to 
skin  packaging.  Undercuts  in  the  product  often  prove  costly  and  de¬ 
structive  to  the  package.  A  thermometer,  for  example,  has  an  air- 
circulating  portion  across  its  back  which  is  raised  from  the  product’s 
surface.  When  the  plastic  is  drawn  over  this  protrusion  in  the  skin¬ 
packaging  operation,  it  tends  to  rupture.  This  danger  can  be  eliminated 
by  various  types  of  assists  to  shield  the  plastic  and  by  using  thicker  plastic 
to  gap  the  undercut.  The  product’s  weight  must  also  be  carefully  con¬ 
sidered:  Costs  rise  rapidly  as  the  weight  of  the  item  increases. 


PACKAGING  THE  PARKER  "JOTTER"  REFILL 


Special  jigs  and  loading  devices  are  required  for  packaging  the  Parker 
Jotter  refill.  Rolling  of  the  product  is  eliminated  by  forcing  the  board 
over  pins  which  hold  the  refills  in  place.  The  refills  are  preloaded  in  a 

device  which  drops  them  on  cards.  The  refills  are  run  and  cut  36  to  a 
master  card. 


The  plastic  used  is  0.002  Krene  vinyl.  The  board  is  butter-carton 
board,  and  the  coating  is  Borden’s  Reslac  and/or  pyroxylin.  Two  forming 
machines  are  required,  with  two  operators  and  two  loaders.  The  clam¬ 
shell  type  of  platen  press  with  one  operator  can  keep  up  with  the  two 
machines. 

Our  Parker  “Jotter”  package  has  increased  sales  and  made  handling 

finTn/rpfflk  Tha  erv!  are  mUCh  m°re  Willing  t0  stock  a  complete 
nnH  f  ?  The  shape  of  the  package  eliminates  the  rolling  on  shelves 

and  counters  which  was  an  annoying  characteristic  of  the  tube  in  which 
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the  refills  were  formerly  packaged.  It  also  makes  possible  much  better 
point  and  color  identification.  A  die-cut  tab  enables  the  dealer  to  ex¬ 
change  refills  for  colors  or  points  not  supplied  in  stock  pens.  The  larger 
size  of  the  package  reduces  pilferage.  Also,  the  dealer  is  able  to  remove 
the  refill  for  inspection  and  replacement  without  damaging  the  package. 

From  the  consumer’s  viewpoint,  the  new  package  insures  the  buyer  of 
a  fresh  refill  of  the  desired  color,  and  the  die-cut  tab  makes  the  package 
easy  to  open. 

Parker  Pen  Company’s  handling  costs  dropped  when  the  new  package 
was  introduced.  The  packages  are  boxed  in  one-  and  three-dozen  cartons, 
and  the  inventory  of  packaging  materials  is  no  longer  a  problem;  further, 
production  area  formerly  used  for  assembly  has  been  released  for  other 
use.  Over-all  costs  are  down  as  much  as  250  per  cent. 

OTHER  PAN-O-RAMIC  PACKAGES 

Many  items  which  were  formerly  boxed  and  kept  under  the  counter 
can  now  be  displayed  on  wire  racks  in  supermarkets  and  other  stores 
and  still  be  protected  from  dirt,  dust,  and  theft.  The  packages  have  a 
distinct  “feel”  to  them,  and  they  can  be  inspected  closely  without  being 
opened.  Following  are  a  few  of  the  packages  we  custom-make  for  specific 
products. 

Parker  “ Jotter ”  Pen  Blister  Package.  Designed  for  supermarket-type 
merchandising,  this  package  sells  the  product  and  protects  it  from  pilfer¬ 
age.  The  blister  also  shields  the  plastic  pen  barrels  from  dust. 

Micro-Switch  Blister  Package.  All  Honeywell  Micro-Switch  home 
switches  packed  in  blister  packages  are  sold  on  displays  with  a  wire  rack 
and  top  card,  but  peg-board  merchandising  was  also  considered.  The 
switches  originally  were  inoperative  in  the  packages,  but  we  re-designed 
the  package  so  that  the  button  could  be  pushed.  (That  extra  second  in 
the  shopper’s  hand  is  all-important!) 

Honeywell  Thermometer  Blister  Package.  The  blisters  are  designed 
to  fit  loosely  enough  to  give  the  customer  the  opportunity  to  feel  the 
product.  The  weight  of  the  item  determines  the  weight  of  the  card.  The 
item  can  be  inspected  closely  without  being  opened. 

Honeywell  Thermometer  Blister  in  a  Box.  In  addition  to  the  other 
advantages  of  the  blister  package,  this  merchandise  can  be  elevated  for 
display.  The  package  performs  very  well  in  gift  shops  and  has  proved 
Pan-O-Ramic’s  most  successful  package  with  regard  to  merchandising. 

Parker  “61”  Pen  Shipper.  This  package  provides  a  positive  means  of 
keeping  pens  apart  in  transit  and  is  a  good-looking  display  box.  It  is 
sometimes  used  for  display  purposes  in  windows  or  on  counters.  The 
package  was  also  designed  for  use  as  a  transfer  box  to  be  used  in  pro¬ 
duction;  it  allows  sufficient  room  for  production  devices.  It  is  also  made 
in  six-packs.  This  package  is  a  cost-saver  and  eliminates  paper  dust 
(which  had  been  a  formidable  problem  with  the  package  previously  used). 
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Parker  “Jotter”  Shipper  Display  Box.  This  package  provides  a  snap-in 
tray  in  which  merchandise  can  be  protected  in  transit  without  being  bagged 
in  cellophane.  It  also  provides  a  tray  that  can  be  displayed  on  end, 
several  counter  cases  have  been  designed  around  this  box. 

Plymouth  Car  Clock  Dust  Covers.  Originally  designed  as  a  dust  pro¬ 
tector,  this  item  came  into  demand  as  an  inexpensive  shipping  device. 
Its  strength  allows  the  clocks  to  be  inserted  in  shipping  boxes  on  end 
without  the  holding  devices  formerly  necessary. 

*  *  * 

The  product  descriptions  given  in  this  paper  are,  of  necessity,  abbre¬ 
viated.  The  Pan-O-Ramic  Package  Company  will,  however,  be  pleased 
to  supply  detailed  illustrations  upon  request. 


New  Notions  for  Notions 


Blister-Packaging  a  Thread  Line 
For  Supermarket  Distribution 

WILLIAM  E.  KIDD,  Jr. 

Manager,  Domestic  Merchandising  Department 
Coats  &  Clark,  Inc. 

New  York  City 


Hr  HE  DISTRIBUTION  of  non-food  products  in  supermarkets,  a  move 
A  which  began  several  years  ago,  became  exceedingly  important  to  us 
in  the  second  half  of  1956.  At  that  time,  several  of  our  competitors 
began  promoting  sewing  thread  very  aggressively  in  these  outlets. 

DEFINING  THE  PROBLEM 

For  many  years,  we  had  been  observing  and  studying  the  activity  and 
growth  of  non-food-product  selling  in  supermarkets.  During  1956  we 
conducted  a  number  of  market  tests,  utilizing  standard  thread  put-ups 
and  display  equipment.  These  tests  proved  what  our  preliminary  studies 
had  suggested:  Existing  put-ups  were  too  vulnerable  to  shrinkage;  existing 
spools  would  often  fall  through  the  wire  mesh  of  supermarket  pushcarts; 
and  the  unit  value  of  some  items  was  too  low.  The  obvious  solution  was 
to  card  the  product.  But  how  do  you  card  a  spool  of  thread? 

A  spool  of  thread  is  a  comparatively  small  item.  After  a  bit  of 
“imagineering,”  we  found  that  it  could  be  carded  by  using  staples,  elastic, 
folding  windowbox-card  combinations,  skin  packaging,  or  blister  packag¬ 
ing.  The  first  three  alternatives  were  eliminated  after  brief  study  and  an 
examination  of  samples.  Skin-packaged  samples  were  produced  for  us 
by  several  manufacturers  of  skin-packaging  equipment.  Although  this 
type  of  put-up  was  more  economical  than  blister  packaging,  we  were  not 
at  all  pleased  with  it  from  the  standpoint  of  appearance;  it  was  also 
difficult  to  remove  the  spools  from  the  cards.  We  were  thus  forced  to 
concentrate  on  blisters. 

Our  first  concern  was  how  we  could  affix  the  blisters  to  our  printed 
matter.  The  various  ways  of  doing  it  included  using  die-cut  folded  cards, 
stapling  the  blisters  to  the  printed  matter,  or  heat-sealing.  Since  we  in¬ 
tended  to  market  most  of  our  supermarket  products  under  the  Coats  & 
Clark  name,  we  decided  to  use  the  heat-seal  method  of  application  because 
of  its  superior  appearance  and  performance. 
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Our  regular  line  of  threads  consists  of  well  over  100  articles;  consider¬ 
ing  all  sizes  and  colors,  it  includes  more  than  3,000  items.  For  our  initial 
entry  into  supermarket  distribution,  we  selected  only  15  items,  not  all  of 
which  were  blister-packaged.  These  items  included  various  assortments 
of  colored  mercerized  sewing  thread,  extra-heavy  (button  and  carpet) 
thread,  darning  cotton,  thread-and-zipper  combinations,  needles,  and 
Bondex  mending  tape  (for  which  we  are  the  national  distributors). 


A  BLISTER  PACKAGE  TAKES  FORM 

For  a  complete  manufacturing  job,  vacuum  forming  equipment,  a  die¬ 
cutting  press,  and  heat-sealing  equipment  are  required — in  an  efficient 
plant  layout.  Our  blister-packaging  department  is  in  operation  at  our  mill 
at  Toccoa,  Georgia.  After  being  formed  on  the  Auto-Vac  machine,  the 
blisters  go  directly  into  the  die-cutting  press,  where  they  are  cut  up  into  in¬ 
dividual  blisters.  The  operator  then  puts  the  blisters  into  the  heat-sealing 
jig.  After  the  merchandise  has  been  inserted  into  the  blisters,  the  printed 
matter  is  placed  on  top  of  the  merchandise  and  the  whole  goes  into  the 
heat-sealing  machine.  Finally,  the  finished  product  is  removed  and  packed 
into  boxes.  An  important  feature  of  the  plant  layout  is  that  the  blister- 
forming  machine  and  die-cutting  press  are  at  the  center  of  all  activity; 
the  die-cut  blisters  thus  can  be  passed  to  the  left  or  to  the  right,  where 
we  have  duplicate  operations  with  a  heat-sealing  machine  at  each  end 
of  the  line. 

Depending  upon  the  products  to  be  packaged,  cellulose  acetate,  buty¬ 
rate,  or  vinyl  will  probably  be  the  material  used.  We  found  that  Type 
S704  cellulose  acetate  from  the  Celanese  Corporation  was  well  suited 
to  our  line  of  products.  The  thickness  required  depends  upon  the  weight 
of  the  merchandise  to  be  packaged;  we  use  0.0075-  and  0.0010-gauge 
material.  The  time  cycle  on  a  vacuum  forming  machine  for  both  of 
these  weights  is  approximately  22  seconds. 

For  our  mercerized  sewing  thread,  we  form  72  blisters  in  200  seconds. 
The  cost  of  the  material  is  approximately  $2.27  per  thousand  blisters. 
These  costs  can,  of  course,  vary  a  great  deal.  The  reason  we  have  two 
heat-sealing  machines  on  our  production  line  is  that  the  rate  of  vacuum 
forming  is  far  greater  than  that  of  the  heat-sealing  operation:  The  heat¬ 
sealing  operation  yields  only  21  finished  products  in  17  seconds. 


INKS  AND  ADS 

In  order  to  be  assured  of  a  good  permanent  bond  between  blister  and 
printed  matter,  there  are  several  absolute  musts.  Clay-coated  stock  should 

a  ti^dhnandP0Thn  0lthlS  a°ltlng  remains  on  the  surface>  thus  assuring 
a  tight  bond.  The  inks  used  should  be  a  blend  which  contains  a  low  per 

centage  of  wax  again,  to  insure  a  tight  bond.  After  being  printed  the 

board  stock  must  be  coated  with  a  film  that  will  be  in  keeping  with  he 

kind  of  material  to  be  used  in  forming  the  blisters.  Although  L  have  a 
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fully  equipped  printing  department  for  the  majority  of  our  printing  re¬ 
quirements,  we  find  it  necessary  on  occasion  to  use  an  outside  supplier. 

Once  the  line  of  products  suitable  for  supermarket  distribution  had 
been  developed,  it  was  necessary  to  design  and  develop  appropriate 
display  equipment.  We  are  utilizing  three  types  of  display:  a  three-tier 
wire  rack  for  use  on  a  gondola  ledge  or  shelf;  single-stringer  wire  racks 
for  attachment  to  pegboard;  and  a  carousel  type  of  wire  display. 

The  entire  program  is  backed  up  with  an  aggressive  advertising  cam¬ 
paign  in  such  publications  as  Progressive  Grocer,  Supermarket  News, 
Chain  Store  Age  (Supermarket  Edition),  Voluntary  and  Cooperative, 
Supermarket  Merchandising,  and  Nargus  Bulletin. 


Equipment  Trends  in 
Visual  Packaging 

E.  BOWMAN  STRATTON,  Jr. 

Partner 

The  Auto-Vac  Company 
Bridgeport,  Connecticut 


■pLASTIC  sheet-forming  equipment  takes  many  forms — straight  vacuum; 

combination  vacuum  and  drape;  combination  vacuum,  drape,  and 
plug;  roll-feed  machines;  and  pressure  machines.  In  this  paper,  I  shall 
discuss  plastic-forming  equipment  in  general  in  the  light  of  present  trends 
in  the  packaging  field. 

In  1956,  over  80  of  the  machines  we  sold  were  used  in  the  packaging 
field;  in  1957,  we  delivered  over  100  machines  for  packaging.  Each  of 
these  machine  sales  necessitated  a  period  of  instruction — a  planned  train¬ 
ing  program — in  the  following  phases  of  sheet-forming  technology: 

1.  Characteristics  of  22  types  of  plastic  sheet  materials. 

2.  Package  design  factors. 

3.  Cost  analysis. 

4.  Mold  engineering. 

5.  Machine  operation  and  maintenance. 

6.  Accessory  equipment  and  auxiliary  operations  such  as  trimming, 
slitting,  jig  loading,  heat  sealing  and  heat  bending,  gluing,  and 
printing. 

Although  this  list  is  quite  extensive,  everyone  entering  the  field  requires 
this  information.  Because  these  areas  do  not  meet  the  eye  at  first  glance, 
the  process  appears  deceptively  simple.  We  feel  that  plastic  sheet  form¬ 
ing  is  still  in  its  infancy,  and  our  policy  is  to  develop  successful  customers. 
We  continue  to  undertake  the  development  of  new  applications,  for  we 
are  convinced  that  in  time  to  come  our  training  programs  will  pay  divi¬ 
dends  both  to  our  customers  and  to  ourselves. 


LIMITATIONS  ON  AUTOMATION 

Blue-sky  thinking  for  most  fabricating  processes  today  is  directed  to- 
ward  full  automation;  we  try  to  view  automation  in  the  proper  perspec- 
ive  We  have  continually  added  new  machine  designs  and  automatic 
features  to  speed  our  equipment’s  production  rates.  These  changes  have 
been  made  where  they  were  consistent  with  the  development  of  new  mold- 
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Comparative  Costs  of  1  Million  Visual  Packages 

( Heat-Sealed  Blister  vs. 

Skin-Pak  Packages ) 

Heat-Sealed 

Skin-Pak 

Blister  Package 

Package 

Material: 

Plastic  . 

$  3,959 

$  7,590 

Cards  . 

4,000 

6,000 

Direct  labor  (approx.  $3  per  hr)  . 

5,610 

6,561 

TOTAL  . 

$13,569 

$20,151 

Equipment: 

Forming  machines  . 

$  5,000 

$  5,000 

Trimming  machines  . 

4,000 

4,000 

Mold  . 

285 

Loading  jigs  . 

560 

1,000 

Heat-seal  machine  . 

1,100 

TOTAL  . 

$10,945 

$10,000 

Labor: 

Forming  .  252  hr  ( 1  person) 

Trimming  .  139  hr  (1  person) 

Loading  and 

Blister  loading..  1,3 18  hr  (4  persons) 

forming  ..  1,875  hr  (3 

persons) 

Heat  sealing  .  162  hr  (1  person) 

Die  cutting  ..  3 12  hr  ( 1  person) 

total  .  1,871  hr  (7  persons) 

2,187  hr  (4  persons) 

ing  techniques  and  new  materials.  Plug  forming  of  deep-draw  parts  and 
pressure  forming  of  materials  difficult  to  form  by  conventional  methods 
are  two  recent  important  advances. 

Full  automation  of  visual  packaging  with  thin-gauge  plastic  has  definite 
limitations  for  several  obvious  reasons.  First,  the  production  capacity  of 
a  small  vacuum  forming  machine  usually  exceeds  by  far  the  output  re¬ 
quirements  of  an  automated  packaging  setup.  To  incorporate  the  partial 
packaging  operation  of  blister  forming  into  an  automated  setup  forces 
the  operation  of  the  vacuum  forming  equipment  at  extremely  poor  effi¬ 
ciency.  A  relatively  small  roll-feed  machine  can  produce  a  million 
blisters  per  week.  An  order  for  1  million  of  one  design  and  size,  how¬ 
ever,  is  extremely  rare  today.  In  1955,  the  average  blister  contract  was 
35,000  pieces;  in  1956,  the  average  increased  to  200,000,  with  deliveries 
spread  over  several  months.  Blister  contracts  totaling  over  3  million 
pieces  are  fairly  common  today,  but  these  contracts  comprise  15  to  30 
different  designs  and  sizes.  Therefore,  machinery  with  the  utmost  ver¬ 
satility  and  flexibility  is  necessary. 

Second,  automation  is  self-limiting  in  that  the  plastic  material,  the 
molds,  the  cutting  dies,  the  cards,  and  the  sealing  dies  must  all  be  syn- 
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chronized  to  a  single  design.  A  change  in  plastic  or  in  blister  size  requires 
adjustments  all  along  the  line.  If  any  facet  of  the  automatic  setup  develops 
a  bug,  the  whole  line  goes  down.  The  variations  in  plastic  films,  card¬ 
board,  and  lacquer  coatings  severely  limit  the  continuous  operation  of 
fully  automated  machinery  for  visual  packaging. 

Third,  the  capital  outlay  required  for  automation  is  extensive.  Tooling 
costs  are  two  to  three  times  higher  than  those  for  conventional  equipment. 
Trimming  dies,  which  in  automation  usually  become  an  integral  part  of 
the  forming  tools,  require  close  tolerances  and  high-precision  machining. 
Such  dies  cost  as  much  as  three  to  four  times  more  than  the  conventional 
steel  rule  or  “clicker”  dies  commonly  used  by  vacuum  formers.  In  theory 
and  practice,  automation  requires  the  reduction  of  various  fabricating 
operations  to  a  nearly  uniform  time  unit  to  achieve  machine  efficiency. 
The  difference  in  the  time  required  for  trimming  and  that  required  for 
forming  is  of  such  an  order  that  it  is  really  impractical  to  combine  the 
two  operations  in  an  automated  setup.  In  every  case  where  a  precision 
trimming  press  is  used,  the  trimming  operation  is  at  least  two  to  four 
times  faster  than  the  forming  operation.  The  same  speed  ratio  applies 
in  heat-sealing  operations. 

Fourth,  the  setup  or  makeready  task  in  an  automatic  line  is  of  necessity 
more  time-consuming  than  that  for  separate,  simpler  operations,  since  so 
many  points  of  synchronization  must  be  coordinated.  The  simplicity  and 
versatility  of  roll-feed  vacuum  forming  machines,  in  tandem  with  a  die¬ 
cutting  press  or  a  slitter  linked  to  a  flexible  heat-sealing  machine,  permit 
a  changeover  in  a  maximum  of  30  minutes.  The  fast  roll-feed  machines 
are  so  versatile  that  they  can  be  used  for  skin  packaging  as  well  as  for 
blister  forming. 


SAVING  WITH  SKIN  PACKAGING 

Skin  packaging  requires  further  analysis  and  comment.  After  four 
years  of  testing  the  technique  (which  we  developed  under  the  trade  name 
of  Skin-Pak)  and  studying  production  results,  we  have  concluded  that  the 
skin  package  is  often  more  expensive  than  heat-sealed  blisters.  There  is 
no  need  to  discuss  the  merits  of  Skin-Pak  as  a  visual  package — they  are 
self-evident.  It  has  great  promise  as  a  protective  moisture-barrier  type  of 
package.  For  entirely  different  reasons,  it  is  valuable  for  inventory  control 
of  small  parts  and  production  and  dealer  stock  control  of  multi-part  com¬ 
ponents  such  as  automotive  gaskets  and  game  sets.  Many  hardware  items 
and  electrical  components  also  are  packaged  by  this  method. 

In  the  final  analysis,  the  value  of  skin  packaging  must  be  determined 
by  comparing  its  costs  with  those  of  blister  packing.  It  must  be  recognized 
that  the  characteristics  of  the  Skin-Pak  process  sometimes  lend  themselves 
so  well  to  particular  packaging  problems  that  the  increased  cost  factors 
are  not  significant  in  view  of  the  overriding  advantages.  For  example  the 
sharp  teeth  of  a  circular  saw  blade  tend  to  destroy  a  blister  container 
whereas  the  Skin-Pak  for  the  same  item  holds  the  blade  firmly  to  the  card! 
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Accordingly,  I  submit  the  results  of  a  recent  study  setting  forth  actual 
production  costs  of  1  million  heat-sealed  blister  packages  as  compared 
with  the  costs  for  producing  a  package  for  the  same  product  by  the 
Skin-Pak  process  (see  page  90).  These  figures  are,  of  course,  subject  to 
variation  according  to  circumstances.  I  have  made  every  effort  to  check 
and  double-check  the  material  and  labor  factors  with  respect  to  custom 
packaging  and  those  in-plant  operations  with  which  I  am  familiar. 

The  product  was  llA  by  5  by  5/8  inches,  and  weighed  llA  ounces.  In 
blister  packaging,  0.0075-inch  cellulose  acetate  was  used;  0.005-inch 
cast  vinyl  was  used  by  the  Skin-Pak  process.  The  card  in  each  case  was 
22-point  board,  printed  in  two  colors  on  one  side,  and  5  by  5Vz  inches 
in  size. 


PART  FOUR 


Industrial  Applications 


Vacuum -Forming  the 
Refrigerator  Inner  Door  Panel 

ROBERT  T.  JOHNSON 

Engineer  in  Charge  of  Extrusion  and 
Vacuum  Forming  Operations 
Kent  Plastics  Corporation 
Evansville,  Indiana 


"COR  THE  PURPOSES  of  this  discussion,  the  history  of  the  refrigerator 
inner  door  panel  will  start  with  the  porcelain-enameled  door  panel  of 
several  years  ago.  The  process  of  porcelain  enameling  at  that  time  was 
far  less  refined  than  it  is  today;  consequently,  it  was  not  long  before  the 
phenolic  paper  laminate  door  panel,  which  had  advantages  of  price  and 
design  possibilities,  came  into  being.  Shortly  thereafter  the  Shelvador 
patents  were  issued.  These  designs  revolutionized  the  use  of  the  inner  door 
panel  by  placing  shelves  in  the  door  of  the  refrigerator. 

The  limitations  on  the  depth  of  draw  and  design  of  the  laminate  inner 
door  panel  soon  sent  designers  looking  for  new  manufacturing  techniques. 
One  of  the  avenues  explored  was  the  injection-molding  field,  where  many 
strides  had  been  made  in  thermoplastic  molding  and  where  new  outlets 
were  being  sought  by  the  industry  for  its  product.  The  industry’s  decision 
to  tackle  the  problem  brought  about  the  birth  of  the  200-,  300-,  and  400- 
ounce  injection  molding  machines.  By  using  thermoplastics,  the  refrigera¬ 
tion  industry  hoped  to  get  more  and  more  design  features  into  the  inner 

door  panel  itself,  while  still  retaining  the  panel  as  a  structural  member 
of  the  door. 


THE  RISE  OF  VACUUM  FORMING 

While  this  development  work  was  going  on  in  the  injection  molding  of 
inner  door  panels  for  refrigerators,  a  new  idea  was  born:  Why  not 
vacuum-form  such  parts?  The  art  of  vacuum  forming  was  well  known  in 
the  acetate  and  butyrate  fields,  and  appeared  to  lend  itself  very  well  to  such 
shapes.  A  major  drawback,  however,  was  that  there  was  available  neither 
suitable  sheet  nor  a  manufacturing  process  for  producing  such  sheet. 
Seeing  the  tremendous  potential  market  for  such  a  product,  a  material 
suppher  set  into  motion  a  program  for  developing  production  facilities 
or  the  commercial  manufacture  of  high-impact  polystyrene  sheet.  Very 
soon,  several  sheet  extruders  became  established  throughout  the  country 
Once  sheet  became  available,  it  was  necessary  to  design  special  equip- 
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ment  large  enough  to  handle  such  products  as  inner  door  panels.  Initially 
the  fabricator  had  to  design  and  build  his  own  equipment.  Soon,  however, 
equipment  suppliers  made  such  machinery  readily  available.  Thus,  in  a 
short  time,  a  practical — though  crude — manufacturing  process  was  de¬ 
veloped.  Since  then,  many  refinements  have  been  made  in  equipment 
and  techniques. 

Once  the  refrigerator  manufacturer  had  two  processes  to  call  upon  for 
making  inner  door  panels,  there  was  much  discussion  of  their  relative 
merits.  During  this  time,  the  actual  design  requirements  of  the  parts  to 
be  produced  usually  dictated  which  process  would  be  used.  Some  of  the 
considerations  examined  at  length  were  as  follows: 

1 .  The  vacuum-formed  inner  door  panel  weighed  considerably  less  than 
its  injection-molded  counterpart:  A  door  which  weighed  seven  pounds 
when  injection  molded  weighed  five  pounds  when  vacuum  molded.  This 
was  because  a  vacuum-formed  part  was  started  from  a  sheet  of  uniform 
thickness  which  was  thinned  down  selectively  through  its  cross-section, 
whereas  an  injection-molded  part  had  to  have  a  relatively  uniform  wall 
thickness  in  order  to  fill  the  mold. 

2.  The  injection-molded  part  could  add  reinforcing  ribs,  bosses,  and 
other  cross-sections  of  variable  thickness.  Vacuum  forming,  on  the  other 
hand,  could  readily  incorporate  lugs,  undercuts,  and  long  molded-in 
shelves. 

3.  Injection  molding  was  capable  of  producing  a  part  with  an  excel¬ 
lent  surface  and  definite  appearance  advantages,  whereas  vacuum  forming 
originally  gave  a  very  coarse  and  dull  surface.  The  sheet  manufacturer, 
however,  soon  developed  a  laminating  technique  by  which  he  added  a 
bi axially  oriented  film  to  the  surface  of  his  sheet,  thus  giving  it  a  high 
gloss  and  smooth  finish.  Still  further  improvements  have  resulted  in  a 
satisfactory  product  which  can  be  produced  without  the  addition  of  the 
film  laminate. 

4.  In  general,  the  physical  properties  of  a  vacuum-formed  inner  door 
panel  are  somewhat  better  than  those  of  its  injection-molded  counterpart 
because  of  a  lack  of  weld  lines  and  orientational  stresses.  On  the  other 
hand,  the  thickness  of  a  vacuum-formed  inner  door  panel  becomes  alarm¬ 
ingly  thin  in  many  sections. 

5.  Perhaps  the  most  important  single  consideration  was  the  matter  of 
tooling:  The  tooling  time  for  vacuum  forming  was  much  shorter,  the  tools 
themselves  less  expensive,  and  the  tooling  much  more  versatile.  The  tool¬ 
ing  pattern  of  the  refrigeration  industry  has  come  to  approach  that  of  the 
automotive  industry,  where  completely  new  models  are  introduced  every 
other  year  and  the  intermediate  year  is  used  for  facelifting.  The  vacuum 
forming  process  lends  itself  ideally  to  these  facelifting  operations. 

6.  There  was  a  very  limited  number  of  suppliers  who  were  able  to 
injection-mold  such  parts  or  who  were  willing  to  invest  the  necessary 
money.  The  capital  investment  for  vacuum  forming  was  much  less,  and 
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many  potential  suppliers  were  willing  to  gamble  on  giving  the  refrigerator 
company  a  greater  source  of  supplies. 

7.  Of  the  ten  major  refrigeration  companies,  nine  are  now  using 
vacuum-formed  inner  door  panels,  while  one  is  using  injection-molded 
doors  exclusively.  Between  20  and  30  million  pounds  of  material  is  used 
annually  in  the  vacuum  forming  of  inner  door  panels. 


MAKING  THE  MOLD 


The  first  step  in  designing  a  tool  is  to  evaluate  thoroughly  the  product 
to  be  produced.  The  number  of  parts  to  be  produced  (10,000  to  80,000 
units  for  a  refrigerator  door),  the  complexity  of  those  parts,  and  special 
design  features  which  must  be  incorporated  all  have  a  definite  effect  on 
the  specific  tool  design.  The  tolerances  to  be  met  also  must  be  taken  into 
careful  consideration. 

Cast  resin,  pressure-cast  aluminum,  and  sand-cast  aluminum  are  the 
three  most  common  materials  now  used  for  the  vacuum  forming  molds, 
although  wooden  patterns  can  be  used.  The  cast-resin  mold,  while  less 
expensive  initially,  is  a  poor  conductor  of  heat  and  consequently  requires 
more  time  per  cycle;  the  result  is  a  higher  unit  fabrication  cost.  Aluminum, 
on  the  other  hand,  has  excellent  heat-transfer  characteristics  and  permits 
a  much  faster  cycle.  Sand-cast  aluminum  offers  the  most  dense  casting 
and  the  most  consistent  casting.  Pressure-cast  aluminum  offers  the  ad¬ 
vantage  of  a  much  better  surface  skin,  if  the  foundry  is  able  to  come  up 
with  a  perfect  cast.  Pressure  casting,  however,  is  particularly  subject  to 
voids,  which  occasionally  work  their  way  to  the  surface  and  cause  surface 
patching  of  the  mold,  and  it  is  virtually  impossible  to  break  the  surface  of 


an  aluminum  mold  and  repair  it  without  leaving  a  mark  on  the  finished 
part.  Pressure  casting  is  usually  used  for  parts  which  require  a  shell 
casting  for  the  inclusion  of  special  component  parts. 

There  are  several  techniques  for  cooling  production  aluminum  molds. 
Water  coils  may  be  cast  into  the  mold,  channels  may  be  milled  into  the 
mold,  or  spray  systems  may  be  used  (for  shell  casting).  In  any  case,  it  is 
extremely  important  that  the  balance  of  cooling  be  maintained  very  care¬ 
fully.  Many  problems  concerning  surface  quality  and  the  distribution  of 
material  can  be  caused  by  poor  cooling.  Also,  in  order  to  control  the 
distribution  of  material  effectively,  it  is  necessary  to  control  rigidly  both 
the  number  of  vacuum  holes  and  their  placement.  Beyond  the  actual 
placement  of  holes  in  the  mold,  the  molder  has  the  opportunity 
to  control  the  speed  of  evacuation  and  to  govern  the  vacuum  delav  in 
order  to  control  his  final  product  better.  The  trimming  die  used  mav 
involve  anything  from  a  routing  fixture  and  a  drill  fixture  to  a  die  with 
cam-pierced  holes  included  in  the  die  itself.  A  useful  interim  operation 
in  the  case  of  medium-run  parts  is  the  utilization  of  an  auxiliary  cam 
pierce  fixture.  In  this  particular  instance,  the  actual  vertical  blanking 
and  piercing  are  done  in  a  blanking  press.  When  the  part  has  been  re 
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moved,  any  cam  piercing  is  done  in  an  auxiliary  fixture  because  of  the 
difficulty  of  including  all  holes  in  the  horizontal  plane  without  surpassing 
the  power  available  with  a  simple  auxiliary  air  cylinder. 

The  cost  of  such  tooling  may  vary  broadly.  We  have  produced  tools 
for  inner  door  panels  ranging  anywhere  from  $3,500  to  $25,000  for  some 
of  the  more  recent  and  more  complex  parts.  In  vacuum  forming  for  in¬ 
dustrial  applications,  however,  it  should  be  stressed  that  anything  less  than 
adequate  tooling  is  extremely  expensive  in  the  long  run;  while  production 
vacuum  forming  tooling  may  be  comparatively  less  expensive  than  injec¬ 
tion  molding  tooling,  it  still  cannot  be  considered  cheap. 

After  the  fabricator’s  engineering  department  has  evaluated  the  actual 
type  of  tooling  required  for  a  specific  part,  the  tools  are  completely 
designed  and  the  tooling  placed  in  commercial  tool  shops.  It  is  necessary 
for  the  process  engineer  to  calculate  the  mold  shrinkage  and  to  determine, 
as  closely  as  possible,  the  finished  thickness  of  material  in  various  sections 
of  the  inner  door  panel  so  that  the  thinning  can  be  compensated  for  in  the 
original  tool  design.  It  is  obviously  impossible  for  him  to  be  completely 
accurate;  as  a  result,  the  mold  is  built  so  that  final  finishing  can  be  done 
to  meet  very  close  tolerances.  Even  though  fairly  close  tolerances  can  be 
kept  with  a  part  at  room  temperature,  the  designer  should  never  forget 
that  the  thermal  expansion  of  high-impact  polystyrene  is  over  four  times 
that  of  steel.  The  length  of  an  inner  door  panel  varies  as  much  as  1/16 
inch  from  summer  to  winter.  Furthermore,  since  the  fabricator’s  plant  is 
seldom,  if  ever,  air-conditioned,  the  parts  that  he  produces  in  the  summer 
will  be  somewhat  different  in  size  than  those  produced  in  the  winter. 

Once  the  over-all  dimensions  of  the  mold  have  been  determined,  it  is 
necessary  to  design  the  cam  mechanisms  necessary  to  produce  the  desired 
undercuts,  lugs,  and  so  forth.  After  the  necessary  amount  of  space  has 
been  allowed  for  the  mechanical  operation  of  such  devices,  the  vacuum 
holes  and  channels  must  be  placed  so  as  to  achieve  the  desired  cooling. 
Rarely  in  anything  as  complex  as  an  inner  door  panel  is  the  cooling  cast 
in  by  coils.  It  is  generally  necessary  either  to  mill  out  cooling  channels  or 
to  use  shell  casting  with  a  complete  spray  system.  In  theory,  the  use  of 
a  spray  system  seems  an  excellent  technique  of  cooling,  but  our  actual 
experience  with  it  has  been  disappointing. 

THE  TRIMMING  DIE 

Once  the  mold  design  has  been  completed,  the  design  engineer  turns  his 
talents  to  the  trimming  die.  First,  it  is  necessary  to  trim  from  the  entire 
sheet  the  specific  part  dimensions  required.  In  this  trimming  operation, 
shear  is  quite  often  incorporated  into  the  die  (100  per  cent  shear  reducing 
the  tonnage  requirements  by  one-half).  Next  it  is  necessary  to  pierce  t  e 
proper  holes  for  fastening  the  inner  door  panel  to  the  exterior  door.  Then 
there  is  the  latch  opening,  and  most  refrigeration  companies  require 
breather  holes  to  prevent  condensation  of  moisture  inside  the  insulation 
between  the  inner  and  outer  parts  of  the  door. 
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From  this  point  on,  the  designer  for  the  refrigeration  company  has  a 
wide  latitude  of  possibilities.  Some  companies  tend  to  mold  in  as  many 
component  parts  as  possible,  thus  keeping  the  addition  of  extra  components 
at  a  minimum.  Other  companies  use  a  basic  door  panel  and  change  the 
model  to  accommodate  the  specific  features  which  are  added  to  it.  When 
making  provision  for  these  added  components,  it  is  not  always  possible  to 
have  the  holes  pierced  in  a  vertical  plane.  Consequently,  either  mechanical 
cam-operated  punches,  punches  operated  with  auxiliary  cylinders,  or 
actual  auxiliary  dies  must  be  used  to  provide  the  ncesssary  horizontal 
holes.  In  the  model  year  of  1957,  the  two  extremes  of  these  concepts  were 
exemplified  by  a  door  requiring  a  total  of  only  four  internal  holes  and 
and  another  requiring  a  total  of  152  internal  holes.  Obviously,  there  has 
been  no  clear-cut  trend  as  yet. 


THE  FINISHING  TOUCHES 

Upon  receipt  of  the  finished  mold  and  die  from  the  tool  manufacturers, 
the  process  engineer  again  goes  to  work  on  developing  the  best  tech¬ 
niques  for  vacuum-forming  the  specific  part  required.  Depending  on  the 
quantities  and  specific  requirements  involved,  he  may  decide  to  run  the 
part  on  a  single-station  forming  machine,  a  rotary  forming  machine,  or, 
occasionally,  on  a  line  forming  machine.  Once  he  has  arrived  at  the  best 
possible  product  from  the  standpoint  of  forming,  he  checks  out  his  trim¬ 
ming  die.  Then  comes  the  process  of  developing  the  part  to  do  the 
required  job.  It  has  been  said  that  no  refrigerator  inner  door  panel  has 
ever  been  reduced  to  printed  form  and  that  no  one  could  ever  describe 
an  existing  inner  door  panel  in  print.  The  process  engineer  therefore 
must  work  very  closely  with  the  refrigeration  engineer  in  determining 
exactly  what  dimensions  must  be  held  and  which  ones  are  not  so  im¬ 
portant.  At  the  same  time,  it  is  not  impossible  that  the  refrigeration 
engineer  himself  has  made  some  mistake  in  the  design  of  the  components, 
and  it  often  becomes  a  problem  of  “cut  and  try”  for  the  fabricator  and 
the  refrigeration  company.  This  cut-and-try  process  may  take  a  week  or 
onger.  On  the  average,  however,  a  reasonably  critical  job  will  require 

production0  18  ^  °riginal  incePtion  to  a  finished  part  in 

After  the  refrigerator  manufacturer  is  actually  producing  a  model  he 
w,ll  find  it  desirable  to  either  “dress  up”  or  “strip  down”  such  a  model  in 
order  to  meet  competition  in  a  certain  area  of  the  market.  In  its  simp  lost 

pTch  s'to'his  merdy  t0  PUH  Punches  f-m  or  add 

punches  to  his  trim  die,  keeping  the  mold  essentially  the  same  Occa 

sionally,  ,t  is  necessary  to  add  or  remove  bosses  or  shelves.  In  anv  case' 

wtth  vacuum  forming  tooling,  the  same  basic  tools  will  often  eventua  Iv 

be  producmg  inner  door  panels  for  two  or  three  models  of  refSors 

At  the  end  of  the  model  year,  the  design  department  of  the  refrigerator 
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company  usually  wants  a  complete  facelifting  of  most  models.  Because 
metalworking  tools  and  dies  are  so  expensive,  however,  the  basic  outside 
dimensions,  fastening  holes,  breather  holes,  and  latch  mechanism  are 
usually  retained.  It  then  merely  becomes  a  problem  of  building  a  new 
mold  and  changing  the  internal  piercing  of  the  part  to  produce  a  com¬ 
pletely  new  inner  door  panel  for  the  next  model  year. 

One  interesting  aspect  of  the  tooling  picture  has  been  the  tendency  of 
refrigerator  companies  to  produce  larger  and  larger  models — and  the 
related  trend  toward  two-door  models.  In  general,  the  molds  for  the  two 
doors  are  combined,  and  both  parts  are  produced  simultaneously  on  one 
set  of  tools.  This  procedure  obviously  gives  the  refrigerator  manufacturer 
an  advantage  in  the  matter  of  fabrication  cost.  The  standing  industry 
joke  about  the  housewife  who  doesn’t  know  which  half  of  the  refrigerator 
to  open  is  becoming  less  of  a  joke  and  more  of  a  reality. 

A  GLANCE  AHEAD 

What  lies  in  the  future?  It  seems  likely  that  one  of  two  things,  or  both, 
will  happen:  Either  the  material  manufacturers  will  come  up  with  new 
and  improved  raw  materials  or  the  fabricator  will  be  forced  to  use  a 
combination  of  existing  materials.  Increased  structural  demands,  increased 
handling  of  the  assembly  part,  and  continued  demands  for  economic  sav¬ 
ings  have  forced  the  fabricator  into  a  position  where  his  process  engineer 
must  derive  the  final,  nth  degree  of  performance  from  the  material  and 
equipment.  Additional  automation  is  fast  reaching  the  point  of  diminish¬ 
ing  returns.  Certainly,  the  fabricator  is  working  toward  the  combination 
of  existing  materials,  and  undoubtedly  the  material  suppliers  themselves 
are  working  on  new  materials.  Since  refrigerator  companies  are  doing 
more  and  more  with  the  inner  door  panel,  the  inner  door  panel  as  we 
know  it  today  will  probably  be  as  extinct  as  the  phenolic  paper  laminate 
panel  now  is  within  another  three  years — at  the  very  most. 

Once  again,  I  wish  to  emphasize  that  the  vacuum  forming  process  for 
the  manufacture  of  refrigerator  inner  door  panels  developed  at  an  amaz¬ 
ingly  fast  rate.  During  that  accelerated  growth,  the  fabricator  gained  a 
wealth  of  information  because  he  had  a  ready  market.  Vacuum  forming 
as  we  know  it  today  therefore  only  faintly  resembles  the  vacuum  forming 
of  three  years  ago,  and  it  can  no  longer  be  generally  characterized  as 
either  cheap  or  simple.  As  in  any  other  manufacturing  process,  it  is 
necessary  in  vacuum  forming  to  have  good  tools  to  get  good  parts.  The 
manufacturer  who  anticipates  using  a  vacuum-formed  component  in  an 
industrial  application  should  keep  in  mind  this  growth  and  improvement 
in  technique.  He  can  expect  to  get  a  consistently  good  product  only 
from  adequate  tooling  and  from  a  company  which  is  experienced  in  the 
manufacturing  process. 
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REGSTROM  CORPORATION  is  engaged  primarily  in  the  custom 
thermoforming  of  industrial  items.  We  employ  many  techniques, 
such  as  ring-and-plug  forming,  drape  forming,  straight  vacuum  forming, 
blow  forming,  and  slip  forming.  Some  of  the  materials  we  use  are  ABS- 
type  sheeting  such  as  Boltaron,  Royalite,  and  Cycolac;  high-impact 
styrenes  such  as  Styron  475  and  480;  acrylics;  vinyls;  acetates;  and  con¬ 
ventional  and  high-density  polyethylene.  There  are  unlimited  applications 
for  this  type  of  sheet  forming.  A  few  of  the  applications  which  will  be 
discussed  in  detail  in  this  paper  are  acrylic  street-light  globes,  machine 
housings  for  office  equipment,  parts  for  juice  dispensers  and  industrial 
equipment,  tote  boxes,  trays  for  handling  items  ranging  in  size  and  weight 
from  delicate  transistors  to  large  motor  housings,  and  carrying  cases. 


PARTS  FOR  OFFICE  AND  INDUSTRIAL  MACHINES 

Duplicating  Machine.  We  have  been  making  shrouds  for  a  fluid  dupli¬ 
cating  machine  for  over  five  years,  and  it  has  proved  a  very  successful 
application  of  sheet  forming.  Previously,  the  shrouds  were  made  from 
aluminum  castings,  which  needed  extensive  finishing  in  preparation  for 
painting.  Boltaron  was  the  plastic  chosen  for  this  job,  primarily  because 
of  its  high  impact  resistance,  crinkled  surface  finish,  sound-deadening 
characteristics,  chemical  resistance,  abrasion  resistance,  and  light  weight. 
This  material  also  lends  itself  readily  to  secondary  machining  operations 
such  as  drilling,  punching,  and  heat  embossing. 

These  shrouds  are  produced  on  a  fully  automatic,  drape-type  vacuum 
forming  machme;  a  multiple  male  mold  of  four  units  is  used.  The  mate¬ 
ria  is  /s  inch  thick  and  is  a  solid  color  throughout  in  sheet  form-  no 
painting  is  required.  A  typical  heating  cycle  for  this  part  is  approximately 
three  minutes.  After  forming,  the  shrouds  are  put  through  various  finish¬ 
Office  Blueprint  Machine.  We  fabricate  a  one-piece  formed  housing 
which  is  an  outstanding  design  feature  of  a  portable  office  blueprint 
machine.  It  measures  57  inches  in  length  and  embodies  flowing  lines  and 
textured  surfaces;  it  is  easy  to  assemble.  The  material  used  for  this  part 
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is  an  ABS-type  plastic;  high  impact  resistance,  textured  surface  finish, 
light  weight,  and  chemical  resistance  were  major  factors  in  its  selection. 
One  of  the  great  problems  overcome  by  the  use  of  this  plastic  is  damage 
from  the  chemical  exposure  and  rough  usage  to  which  a  blueprint  machine 
is  subjected  by  the  nature  of  its  process. 

The  parts  are  formed  on  an  automatic  drape-forming  machine,  and 
one  complete  cover  is  made  each  cycle.  This  operation  is  a  good  example 
of  the  engineering  know-how  applied  by  sheet  formers  even  for  low- 
quantity  items.  The  straight  sides  of  the  part  call  for  complex  heating 
patterns  to  insure  maximum  wall  thickness,  and  the  most  economical 
blank  size  must  be  determined.  These  heating  patterns  are  not  static,  but 
must  be  changed  at  precise  intervals;  allowance  for  this  change  must  be 
incorporated  in  the  automatic  nature  of  the  machine  to  achieve  efficient 
production.  The  top  surface  of  the  machine  is  not  completely  flat,  but  is 
made  slightly  convex  to  prevent  “dishing  in”  of  the  long,  flat  surface.  All 
these  and  many  other  factors  must  be  considered  in  designing  tooling  for 
sheet  forming.  The  tooling  cost  for  the  cover,  including  all  cutting  jigs 
and  fixtures,  was  only  $300. 

This  product  illustrates  the  wide  scope  of  sheet  forming.  The  sheet¬ 
forming  process  not  only  provides  economical  production  for  long  runs 
of  large  quantities  but  also  is  ideally  suited  for  prototype  work.  In  short, 
custom  parts — even  small-quantity  items — can  be  sheet-formed  at  a 
reasonable  cost. 

Dennison  Print-Punch  Marking  Machine.  We  make  two  plastic  parts 
for  this  machine,  which  is  used  for  marking  price  tickets  for  ready-to-wear 
and  other  types  of  merchandise.  The  top  unit  is  formed  of  a  grain-surface 
ABS-type  plastic,  and  the  slots  are  put  in  during  secondary  operations. 
The  grain  finish  is  resistant  to  small  nicks  and  scratches,  and  thus  has  a 
functional  as  well  as  a  decorative  purpose. 

The  removable  side  cover  is  also  formed  in  ABS-type  grain-surface 
plastic.  An  outstanding  feature  of  this  machine  is  the  accessibility  of  its 
working  parts.  The  plastic  covers  contribute  much  to  this  feature  because 
they  are  light  and  easy  to  handle.  They  are  also  just  flexible  enough  to 
be  easily  put  back  on  without  a  great  deal  of  time  and  effort  in  lining  up 
the  cover  with  the  machine. 

Raytheon  Impact  Grinder.  This  compact  unit  was  designed  and  devel¬ 
oped  to  meet  the  growing  demand  for  a  small,  low-cost  production  grinder. 
By  means  of  a  unique  process,  impact  grinding  has  proved  successful  in 
such  applications  as  delicate  glass  engraving  and  mother-of-pearl  engrav¬ 
ing.  It  can  also  accurately  dice  semiconductor  materials  and  drill  holes 
as  small  as  0.002  inch  in  ferrites,  ceramics,  and  even  tungsten  carbide. 

The  two  plastic  parts  made  by  Gregstrom  for  this  unit  are  the  top  and 
bottom  housings.  The  top  one,  gray  in  color,  is  formed  from  Vs -inch 
Boltarofi  with  a  simulated  crinkle  finish  which  is  embossed  on  the  original 
sheet  before  forming.  This  top  half  measures  10  by  9  by  7  inches,  and 
has  cutouts  for  gauges,  handles,  and  nameplates.  The  bottom  housings 
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maroon  textured  surface  gives  the  machine  an  attractive  two-tone  color 
scheme.  The  upper  edge  of  this  housing  fits  into  a  shoulder  on  the  top 
housing,  and  both  parts  are  attached  to  the  frame  by  various  fastening 
devices. 

One  of  the  many  advantages  of  sheet-forming  the  parts  for  this  type 
of  machine  is  the  short  lapse  of  time  between  the  blueprint  and  produc¬ 
tion  stages.  In  this  case,  exactly  four  weeks  were  required  to  furnish  the 
production  parts  for  assembly  by  our  customer.  In  making  these  parts, 
we  employed  the  ring-and-plug  method,  using  a  double  plug  on  a  four- 
poster  pneumatic  press.  The  parts  were  put  through  trimming  operations 
after  forming  to  cut  off  the  flash  and  make  cutouts.  Various  manufac¬ 
turing  economies  in  the  finishing  operations  are  made  possible  as  a  direct 
result  of  the  double-plug  design. 

The  quantity  requirements  for  this  impact  grinder  are  not  very  high, 
primarily  because  of  the  specialized  field  that  it  now  serves.  The  sheet 
forming  of  the  housings  was  an  ideal  way  to  introduce  this  machine  with¬ 
out  a  large  initial  investment  in  tooling.  The  total  cost  of  forming,  trim¬ 
ming,  and  cutout  tools  was  less  than  $300. 

Cox  and  Stevens  Electronic  Scales.  This  electronic  weighing  kit  is  used 
in  the  aircraft  industry  to  do  away  with  the  necessity  of  transporting  a 
plane  to  a  large  and  expensive  fixed-platform  scale.  The  inserts  and  the 
accessory  case  are  made  from  Boltaron,  a  textured  ABS-type  sheet  made 
by  General  Tire  and  Rubber  Company.  This  material  is  ideal  for  this 
application  because  of  the  many  deep-drawn  and  complex  cavities  needed 
to  cradle  the  delicate  indicating  units. 

The  deep-drawn  inserts  are  made  on  male  and  female  matched  dies  in 
a  large  hydraulically  operated  press.  The  shells  and  insert  for  the  acces¬ 
sory  case  are  formed  on  a  drape-forming  setup — the  accessory  case  is 
designed  to  fit  into  the  cavity  in  the  top  insert  of  the  large  case.  The 
straight  sides  of  the  large  inserts  and  the  rigid  tolerances  required  make 
this  draw  quite  difficult.  After  the  inserts  have  been  trimmed  to  size,  the 
bumpers  and  accessories  are  cemented  in  place.  After  trimming,  the 
shells  and  inserts  for  the  accessory  case  are  assembled  with  a  full-length 
chrome-plated  piano  hinge  and  clasps.  The  tools,  jigs,  and  fixtures  for 
the  three  inserts  and  two  shells  cost  less  than  $900  complete. 

When  put  through  very  rough  tests,  these  units  passed  with  flying 
colors.  Because  of  the  formability  of  the  material,  a  compact  protective 
case  was  made  possible  within  the  designated  space  limitations. 


CONSUMER  ITEMS 

Hobby  Hone  Our  plastic  hobby  horse  was  among  the  first  produced 
by  the  vacuum  forming  method.  We  made  it  exclusively  for  one  of  the 
largest  manufacturers  of  juvenile  furniture  in  the  country.  These  horses 
have  been  advertised  in  many  national  consumer 
being  sold  throughout  the  nation. 


magazines,  and  are 
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The  type  of  material  used  for  this  hobby  horse  is  a  high-impact  styrene 
similar  to  the  Dow  Styron  480  type.  This  extruded  sheet  is  one  of  the 
lower-priced  plastic  sheets,  yet  has  a  good  impact  resistance.  The  material 
forms  readily,  bonds  very  well,  and  is  easily  spray-painted,  screened,  or 
pre-printed. 

The  horses  are  formed  on  a  female  four-cavity  metal  mold  which  yields 
two  complete  horses  per  cycle.  The  average  forming  cycle  for  these 
parts  is  approximately  four  minutes.  Forming  is  done  on  a  fully  automatic 
vacuum  forming  machine;  the  tools  are  metal,  and  the  temperature  is 
controlled  to  speed  up  the  cycles  and  produce  parts  of  uniform  quality. 
After  forming,  the  parts  are  trimmed  and  the  two  halves  cemented  to¬ 
gether.  The  cemented  horses  are  then  put  through  a  spraying  operation; 
masks  are  used  to  get  the  correct  detail. 

Because  of  the  large  quantity  involved,  the  tools  had  to  be  made  from 
metal  which  has  excellent  conductivity  and  lends  itself  to  precise  control 
of  temperatures.  The  total  cost  of  these  tools,  including  designing,  sculp¬ 
ture,  and  prototypes,  was  $1,800.  I  have  been  told  that  a  mold  of  the 
same  size  for  injection  molding  would  cost  approximately  $15,000.  It  is 
significant  in  this  regard  that  these  horses  did  well  in  a  highly  competitive 
national  market  among  types  molded  by  other  methods. 

Raytheon  Micronaire  Filter  Unit.  The  front  panel  and  other  interior 
parts  of  an  air  cleaner  unit  made  by  Raytheon  Manufacturing  Company 
are  made  of  flame-resistant  ABS-type  plastic.  The  light  weight  of  the 
plastic  parts  is  very  important  in  this  product,  since  it  was  designed  to 
be  easily  rolled  from  room  to  room  and  from  location  to  location.  The 
entire  unit  weighs  only  35  pounds,  and  its  retail  price  is  approximately 
$200.  Flame-resistant  plastic  parts  were  needed  for  Underwriters  Labora¬ 
tories  approval. 

A  multiple  setup  is  used  to  form  the  panel  and  the  other  four  plastic 
parts  in  the  interior  of  the  machine.  The  number  of  tools  can  easily  be 
doubled  or  tripled  at  a  nominal  cost  (under  $300)  if  the  production  of 
this  item  works  into  higher  quantities. 

Dormitzer  Strobe  Light  Unit.  Both  housings  for  this  electronic  flash 
unit  (used  in  photography)  are  made  from  textured  ABS-type  plastic 
sheeting.  This  material’s  light  weight,  surface  finish,  solid  color,  impact 
resistance,  and  abrasion  resistance  are  some  of  the  advantages  it  offers 
for  the  application  in  question. 

The  housing  for  the  lamp  unit  is  molded  on  a  ring-and-plug  setup  with 
a  vacuum  assist.  The  housing  for  the  battery  unit  is  a  wraparound  with 
vacuum-formed  top  and  bottom  caps.  The  wraparound  body  section  is 
closed  by  an  extruded  stainless-steel  strip. 

We  have  been  making  these  and  other  housings  for  several  years,  and 
this  unit  has  found  wide  public  acceptance.  The  tooling  cost  was  only 
several  hundred  dollars  for  the  four  parts  of  this  model,  thus  making  it 
possible  to  add  new  models  to  the  product  line  from  year  to  year. 
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CASES  AND  BOXES 

Trays  and  Tote  Boxes.  We  fabricate  an  assortment  of  typical  material¬ 
handling  tote  boxes  and  trays.  Some  are  used  by  electronics  firms  for 
protective  handling  and  storage  of  small,  delicate  parts;  trays  used  for 
this  purpose  usually  have  a  transparent  dust  cover.  One  large  perforated 
tray  is  used  as  a  dip  tray  for  chemical  solutions  in  the  processing  of  metal 
parts.  Other  typical  receptacles  are  formed  partition-type  tote  boxes  and 
multi-cavity,  one-piece  assembly  trays. 

Various  types  of  plastics  such  as  Boltaron,  Royalite,  Cycolac,  Styron 
480,  and  Tenite  are  being  used  for  these  items.  Some  of  their  outstanding 
advantages  are  extremely  light  weight,  corrosion  resistance,  high  impact 
resistance,  and  good  stacking  and  nesting  features.  In  addition,  it  is  quite 
easy  to  shape  the  box  to  the  exact  contour  of  specific  products  at  a  low 
tooling  cost.  Transparency  also  can  be  provided. 

In  most  cases  heavy-gauge  deep-drawn  tote  boxes  are  formed  on  ring- 
and-plug  setups.  On  lighter-gauge  trays,  standard  drape  or  vacuum  form¬ 
ing  machines  do  the  job  very  nicely.  Most  of  the  tools  are  usually  made 
from  wood  or  from  phenolic  or  epoxy  resins.  Finishing  operations  on 
these  parts  entail  a  simple  edge  trimming. 

When  the  tote  boxes  in  stock  do  not  serve  a  particular  purpose,  it  is 
quite  simple  to  design  one  for  a  specific  part  and  size  to  fit  into  an  exist¬ 
ing  flow  line.  Tooling  charges  may  range  from  $50  to  $250,  depending 
upon  size  and  design.  Plastic  boxes  and  trays — which  in  some  cases  are 
more  expensive  than  wood,  cardboard,  or  steel  boxes — pay  for  themselves 
in  no  maintenance  cost,  easier  stock  control,  and  work  simplification. 

U.S.  Naval  Ordnance  Case.  We  made  a  case  for  U.S.  Naval  Ordnance 
which  houses  a  valuable  and  delicate  instrument.  The  case  measures 
19  by  14  by  11  inches,  and  the  interior  is  divided  into  various  compart¬ 
ments.  The  material  used  for  this  job  was  Royalite,  the  ABS-type  plastic 
sheet  made  by  U.S.  Rubber  Company.  The  primary  reasons  for  the  selec¬ 
tion  of  this  material  were  its  light  weight,  high  impact  resistance,  and  scuff 
resistance. 

The  blow-up,  reverse-snapback  method  was  used  to  form  these  parts. 
This  work  was  done  on  a  conventional  four-poster  press  having  a  large 
air  cylinder.  After  trimming,  the  hardware,  partitions,  and  matched  metal 

edges  were  applied.  Then  the  description  was  permanently  heat-embossed 
into  the  surface  of  the  case. 

Because  of  the  specialized  nature  of  this  application,  the  run  was 
relatively  short.  The  tools  cost  less  than  $600,  however,  and  it  therefore 

was  possible  to  custom-build  the  case,  even  though  the  quantity  ordered 
was  low.  J 


DISPENSING  MACHINES 


Ice  Cream  Cabinet.  We  form  the  overhead  housing  (which  holds  the 
advertising  message  and  the  fluorescent  lights)  and  the  end  caps  of  a 
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self-service  ice  cream  cabinet  used  primarily  in  outdoor  theaters  and 
supermarkets.  The  textured  and  colorful  finish  of  the  ABS-type  plastic 
is  very  important  because  of  this  unit’s  use  at  the  retail  level. 

All  the  parts  are  formed  on  an  automatic  drape-forming  machine  using 
male  wooden  plugs.  These  pieces  are  edge-trimmed  and  the  cutouts 
routed.  The  decorative  metalized  silver  Mylar  finish  is  applied  by  means 
of  an  adhesive.  Since  the  quantity  of  these  parts  is  low  and  the  cost  of 
tooling  only  $400,  plastic  forming  is  less  expensive  and  gives  quicker 
delivery  than  other  available  methods. 

Jet-Spray  Juice  Dispenser.  There  are  six  formed-plastic  parts  in  this 
machine.  The  cover  is  constructed  of  an  outer  and  inner  shell  separated 
by  a  dead-air  space  chamber  for  insulating  purposes.  Both  the  bowl 
(which  holds  six  gallons  of  juice)  and  the  cover  are  made  from  clear 
Plexiglas,  an  acrylic  sheeting.  The  condensation  tray  (directly  beneath 
the  bowl)  and  the  left  and  right  cabinet  sides  are  made  from  a  flame- 
resistant  ABS-type  plastic  which  has  Underwriters  Laboratories  approval. 

The  bowl  is  formed  by  means  of  a  vacuum  assist  whereby  a  sheet  is 
drawn  part  of  the  way  into  a  vacuum  chamber  and  then  forced  the  rest 
of  the  way  with  a  plug.  The  two  parts  of  the  cover  are  plug-and-ring 
formed,  and  then  trimmed  and  cemented  together.  The  condensating  tray 
is  drape-formed  and  trimmed  by  routers.  The  left  and  right  sides  are 
formed  together  on  a  drape-forming  machine,  then  split  and  trimmed. 

We  formed  many  thousands  of  these  parts  over  a  period  of  four  years. 
In  view  of  the  projected  volume,  the  manufacturer  decided  that  it  would 
be  more  economical  to  have  the  parts  injection-molded.  The  original  cost 
of  the  Gregstrom  tooling  on  this  complete  machine  was  less  than  $1,600. 
During  this  four-year  period,  a  major  style  change  was  made  at  a  cost 
of  only  $500. 

OTHER  APPLICATIONS 

Aircraft  Seats.  We  fabricate  plastic  side  arm  panels  and  leg  panels  for 
a  commercial  aircraft  seat.  An  ABS-type  flame-resistant  sheet  plastic  is 
used  for  these  panels.  Its  light  weight  is  one  of  its  major  advantages,  its 
color,  molded-in  design,  and  ease  of  assembly  are  other  important  features. 

The  side  arm  panel  is  composed  of  an  outer  and  inner  shell.  Each 
side  is  formed  on  a  ring  and  plug,  with  vacuum  assist  for  design  detailing. 
The  leg  panel  is  formed  on  a  wraparound  and  vacuum-assist  setup  and 
then  trimmed.  The  side-panel  shells  are  trimmed  and  cutouts  made  for 
ashtray  receptacles,  and  the  shells  arc  then  cemented  together. 

These  panels  are  made  on  a  medium  production  run,  and  phenolic 
tools  and  a  conventional  type  of  trim  fixtures  are  used.  The  tools  for 
these  parts  cost  about  $700.  The  short  lead  time,  low  tooling  cost  and 
streamlined  design  were  decisive  factors  in  our  decision  to  use  plastic 
sheet  thermoforming. 

Globes.  We  have  made  thousands  of  plastic  globes  for  outdoor  iluores- 
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cent  street-lighting  fixtures  in  the  past  few  years  for  a  leading  manufac¬ 
turer.  Altogether  there  are  five  models,  ranging  in  size  from  a  two-foot 
model  (with  an  output  of  2,700  lumens)  for  residential  areas  to  a  six- 
foot  model  (with  an  output  of  64,000  lumens)  for  main  streets.  The 
globes  are  formed  from  clear,  thick  Plexiglas.  This  plastic  stands  up  very 
well  because  of  its  excellent  weathering  characteristics  and  shatter  resist¬ 
ance.  Although  it  weighs  only  half  as  much  as  glass,  this  material  has 
from  6  to  17  times  greater  impact  resistance  than  ordinary  glass  in 
thicknesses  of  Vs  inch  to  lA  inch. 

A  large  hydraulic  multi-cylindered  press  and  a  four-bay,  12-foot  oven 
are  used  to  produce  these  globes.  The  globes  are  formed  by  the  vacuum- 
with-plug-assist  method.  The  plug  is  a  highly  polished  metal  tool  with 
complete  temperature  control  in  all  sections.  The  vacuum  chamber  is 
made  from  l^-inch  plate  steel  and  has  an  electric-eye  setup  on  both  ends 
to  control  the  depth  of  the  initial  vacuum  draw.  After  being  formed,  the 
globes  are  sprayed  with  a  white  translucent  acrylic  paint  in  certain  areas. 
They  are  then  trimmed  to  size,  inspected,  and  packed. 

Because  of  the  large  quantities  and  rigid  specifications  involved,  the 
tools  had  to  be  polished  metal,  and  provisions  had  to  be  made  for  shrink¬ 
age.  The  tools  ranged  in  price  from  approximately  $800  to  $2,500  for 
the  different  models.  After  much  extensive  testing,  it  was  found  that 
globes  made  by  this  process  were  superior  in  many  ways  to  molded  globes. 

*  *  * 

In  all  of  these  many  and  varied  sheet-forming  applications  it  is  apparent 
that  sheet  forming  has  proved  itself  an  excellent  way  to  provide  well- 
styled,  functional  parts  at  reasonable  prices  and  nominal  tool  costs.  It 
makes  possible  complete  changes  in  style  to  keep  a  product  abreast  of 
style  trends  and  competition.  In  addition,  exact  prototypes  can  be  made 
quickly  to  help  provide  answers  in  the  all-important  pre-production 

physical  testing  and  market  surveys  which  can  either  make  or  break  a 
product. 
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T  TNTIL  RECENTLY,  plastic  sheet  forming  was  used  in  comparatively 
few  industrial  applications.  Its  scope  was  restricted  by  a  lack  of 
technical  knowledge  and  by  the  inherent  limitations  of  the  materials  avail¬ 
able.  Materials  with  increased  toughness,  better  weatherability,  and 
improved  thermal  properties  had  to  be  developed  before  the  process  could 
be  considered  for  more  than  a  limited  number  of  industrial  applications. 
In  the  past  few  years,  a  tremendous  amount  of  work  has  been  done  to 
improve  plastic  materials.  Advances  now  are  taking  place  so  rapidly  that 
it  is  difficult — if  not  impossible — to  keep  abreast  of  them.  At  the  same 
time,  sheet-forming  techniques  have  advanced  just  as  rapidly.  Draws 
which  were  once  considered  impossible  because  of  fabricators’  inability 
to  control  material  thickness  satisfactorily  are  now  considered  routine. 

The  high-volume  usage  in  the  refrigeration  industry,  where  an  estimated 
30  million  pounds  of  high-impact  styrene  was  used  for  inner  door  liners 
in  1957,  has  been  a  major  stimulant  of  the  industrial  growth  of  sheet 
forming.  The  process  has,  in  fact,  grown  to  the  point  where  it  is  now 
ready  to  take  its  place  as  one  of  the  basic  techniques  for  the  conversion  of 
plastics.  Whereas  previously  we  considered  sheet  forming  only  after  decid¬ 
ing  to  use  plastics,  we  now  use  plastics  in  numerous  applications  because 
of  the  economic  advantages  afforded  by  sheet  forming.  The  growth  of  the 
process  can  be  expected  to  become  even  more  rapid  as  more  and  more 
engineers  and  stylists  learn  how  and  where  to  use  it  to  economic  advantage. 

Experts  are  available  to  provide  the  information  needed  to  decide 
whether  a  particular  part  can  be  economically  fabricated  by  the  sheet¬ 
forming  process.  It  is  the  purpose  of  this  paper  to  describe  the  genera 
nature  of  the  process  and  its  advantages,  and  to  indicate  how  it  may  be 
used  to  serve  specific  needs. 


large-area  thin-wall  parts 

The  type  of  part  most  commonly  associated  with  sheet  forming  has  a 
relatively  large  area  with  a  thin  cross-section.  A  part  of  this  type  can 
usually  be  more  economically  produced  in  steel,  unless  it  has  complicated 
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contours  or  unless  the  use  of  a  plastic  material  is  dictated  by  one  or  more 
of  the  inherent  advantages  of  plastics — chemical  resistance,  light  weight, 
good  insulating  capacity,  and  pleasing  appearance. 

The  refrigerator  inner  door  liner  is  probably  the  most  widely  known 
part  of  this  type.  In  this  application,  the  sheet-forming  process  has  led  to 
an  entirely  new  design  approach,  making  it  possible  to  include  integrally 
molded  shelves  at  virtually  no  increase  in  cost.  Non-uniform  wall  thick¬ 
ness,  one  of  the  major  disadvantages  of  the  process,  actually  contributes 
to  the  low  cost  of  the  product:  Through  judicious  design,  this  variation 
in  material  thickness  can  be  used  to  produce  a  part  with  less  material, 
while  still  maintaining  the  physical  characteristics  necessary  to  achieve  the 
desired  performance.  The  average  thickness  of  a  refrigerator  door  liner 
is  no  more  than  50  to  60  per  cent  of  that  of  the  starting  sheet.  In  some 
areas,  the  liner  is  nearly  equal  in  thickness  to  the  original  sheet,  while 
in  others  it  is  no  more  than  25  per  cent  as  thick.  This  thickness  variation 
thus  helps  make  the  piece  price  of  a  sheet-formed  part  lower  than  that 
of  an  injection-molded  part. 

There  are  numerous  applications  today  which  are  classed  as  large-area 
thin-wall  parts.  Such  automotive  parts  as  headliners,  side  seat  shields, 
and  side  post  covers,  as  well  as  vacuum-formed  skins  covering  crash-pad 
visors  and  dashes,  fall  in  this  category.  Many  plastic  packaging  applica¬ 
tions  are  also  considered  to  be  in  this  same  category;  although  their  areas 
may  not  be  large,  their  walls  are  so  thin  that  they  can  be  produced  only 
from  sheet. 

In  order  to  gain  a  more  concrete  notion  of  the  economic  considerations 
involved  in  fabricating  this  type  of  part,  let  us  consider  a  refrigerator 
drain  pan.  The  only  function  of  this  article  is  to  catch  the  water  dis¬ 
charged  during  the  defrost  cycle  of  an  automatically  defrosting  refrigerator. 
Its  form  is  very  simple,  and  it  could  easily  be  made  by  a  number  of 
processes.  The  material  used,  however,  must  be  corrosion  resistant;  thus 


Refrigerator  Drain  Pan 

Process 

Material 

Piece 

Price 

Tooling 

Cost 

T otal  Package  Cost 
( Based  on  a 
Volume  of  30,000) 

Sheet  forming 

High-impact  styrene 
(color  optional) 

$.545 

$3,500 

$20,300 

Injection  molding 

High-impact  styrene 
(color  optional) 

$.52 

$8,000 

$23,600 

Metal  stamping 

Porcelain 

$.61* 

$7,000 

$25,300 

*  Estimated  cost  of 
production. 

material  and  labor  to  produce 

part  in  plant 

equipped  for  this  type  of 

TABLE  1 
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Portable-Refrigerator  Tank 

Process 

Material 

Piece 

Price 

Tooling 

Cost 

Total  Package  Cost 
(Based  on  a 
Volume  of  5,000) 

Sheet  forming 

High-impact  styrene 

$3.30 

$  2,000 

$18,500 

Injection  molding 

High-impact  styrene 

$1.65 

$12,000 

$20,250 

Metal  fabrication 

Aluminum 

$7.50 

$  3,000 

$21,750 

TABLE  2 


ordinary  sheet  steel  would  have  to  be  treated  before  it  could  suit  the 
application. 

As  shown  in  Table  1,  the  plastic  part,  produced  by  either  the  sheet¬ 
forming  or  injection  molding  processes,  costs  less  than  the  porcelain  steel 
part.  If  porcelain  finish  had  not  been  necessary,  the  steel  part  would 
have  been  the  least  expensive.  Because  of  the  size  and  design  of  the 
drain  pan,  there  is  a  slight  piece-price  advantage  in  using  the  injec¬ 
tion  molding  process.  If  the  size  of  the  part  were  increased,  however,  the 
piece-price  advantage  would  swing  to  the  sheet-formed  part.  For  a  small 
part,  or  for  one  which  would  require  additional  fabrication  operations  if 
sheet-formed,  the  injection  molding  process  would  hold  the  price  ad¬ 
vantage. 

DEEP-DRAWN  PARTS 

Deep-drawn  parts  can  also  be  more  economically  produced  by  new 
techniques  developed  in  sheet  forming,  provided  that  high  volumes  are 
not  involved.  If  parts  of  this  type  are  tooled  for  the  minimum  piece  price 
in  metals,  the  differential  in  tooling  cost  is  so  great  that  high  volumes  are 
required  for  the  slight  piece-price  advantage  necessary  to  equal  the  tooling- 
cost  differential.  Even  when  tooled  for  minimum  piece  price,  the  metal 
part  requires  more  operations  and  also  more  labor  than  its  plastic 
equivalent. 

The  development  of  techniques  which  make  it  possible  to  produce  deep 
draws  with  fairly  uniform  cross-sections  has  opened  an  entire  new  field 
for  sheet  forming.  Using  the  AirSlip  process  (developed  in  Switzerland) 
certain  firms  in  Europe  are  sheet-forming  inner  tanks  for  refrigerators. 
Since  their  refrigerator  production  volumes  are  considerably  lower  than 
ours,  they  have  a  significant  economic  advantage  because  of  the  lower 
tooling  cost.  Cost  comparisons  we  have  made  with  one  of  the  major 
refrigerator  manufacturers  reveal  that  the  sheet-formed  refrigerator  tank 
is  economically  desirable  on  low-volume  lines.  One  study  compared  the 
cost  of  a  plastic  part  (furnished  by  a  converter)  with  that  of  the  plastic 
breaker  strips  plus  labor  and  material  required  to  produce  a  porcelain 
steel  part  in  a  plant  well  equipped  for  that  type  of  production.  The  ex- 
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tremely  high  freight  cost  involved  in  shipping  such  a  bulky  item,  however, 
made  the  part  an  unattractive  development  for  the  converter. 

The  relative  newness  of  the  deep  draw  with  uniform  cross-section  was 
pointed  out  very  vividly  to  me  in  1956.  A  manufacturer  for  whom 
portable-refrigerator  tanks  were  being  made  examined  a  sample,  then 
displayed  a  stack  of  letters  he  had  received  from  most  of  the  major 
converters.  All  stated  that  it  was  not  practical  to  make  the  part  by  the 
sheet-forming  process.  This  inner  tank  is  for  a  portable  refrigerator;  it 
is  produced  from  a  0.187-inch  sheet  of  high-impact  polystyrene.  The  part 
has  an  average  final  thickness  of  0.060  inch  and  is  quite  uniform  in 
thickness  throughout.  Since  it  is  for  a  portable  item,  aluminum  was  the 
only  metal  considered. 

As  shown  in  Table  2,  the  sheet-forming  tools  are  even  lower  in  cost 
than  the  tools  which  were  designed  for  low-volume  production  of  the 
aluminum  part.  This  difference  is  reflected  in  a  metal-fabrication  piece 
price  that  is  more  than  double  that  of  the  sheet-formed  part.  Although 
in  this  case  the  injection-molded  part  is  considerably  lower  in  piece  price, 
its  high  tooling  cost  makes  its  total  package  cost  higher  than  that  of  the 
sheet-formed  part  for  the  estimated  volume.  The  high  injection-molding 
cost  also  represents  a  much  greater  investment  risk.  The  plastic  part 
offers  a  further  saving  over  the  metal  part  in  that  the  breaker  strip  can 
be  made  an  integral  part  of  the  plastic  tank.  The  refrigerator  manu¬ 
facturer  estimated  that  the  elimination  of  the  separate  breaker  strip  and 
the  48  attachment  screws  saved  an  additional  $3  per  unit. 


PARTS  WITH  COMPLEX  SHAPES 

As  we  learned  more  about  the  sheet-forming  process,  we  found  it  could 
be  used  for  more  complex  shapes.  The  design  of  various  types  of  cams 
and  captive  inserts  has  enabled  us  to  produce  configurations  which  had 
previously  been  considered  impossible.  Additional  economic  advantages 
are  realized  with  parts  which  combine  deep  draws  and  complicated  con¬ 
tours.  This  operation  allows  production  of  parts  which  would  have  to  be 
made  as  two  or  more  units  if  produced  by  other  processes.  In  most 
instances,  the  only  additional  cost  for  a  complex  contour  is  an  increase 
in  the  cost  of  the  pattern  for  the  sheet-forming  mold.  The  vendine- 
machine  cup  station  is  an  excellent  example  of  a  part  whose  production 
would  be  considered  impractical  by  processes  other  than  sheet  forming 
The  real  advantage  of  sheet  forming  in  this  case  is  that  no  punch  is 
required,  and  removal  of  the  part  is  thus  simplified 

When  a  plastic’s  properties  are  suitable,  it  can  be  expected  to  show 
considerable  savings  over  stainless  steel:  Not  only  is  the  piece  JZ 
lower,  but  the  tooling  cost  is  considerably  less  as  well.  A  cup  station 
produced  from  h,gh-.mpact  polystyrene  is  being  used  to  replace  a  two- 
ptece  stainless-steel  chute-and-cup-station  combination.  As  shown  in  Table 
3,  the  piece  price  of  the  sheet-formed  part  is  less  than  half  of  the  stainless 
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Vending-Machine  Cup  Station 


Process 

Material 

Piece 

Price 

Tooling 

Cost 

Total  Package  Cost 
(Based  on  a 
Volume  of  10,000) 

Sheet  forming 

High-impact  styrene 

$1.50 

$6,000 

$21,000 

Metal  stamping 

&  fabrication 

Stainless  steel 

$3.20 

$7,500 

$39,500 

TABLE  3 


steel  parts  it  replaces.  In  this  case,  the  combination  of  the  two  parts  into 
one  and  the  use  of  plastic  in  place  of  stainless  steel  both  contribute  to  the 
savings  achieved.  While  the  tooling  is  less  expensive  than  that  required  for 
the  stainless-steel  parts,  it  is  comparatively  high  for  a  sheet-formed  part 
of  this  size.  The  three  cams  required  in  the  mold  increase  the  cost  to 
three  or  four  times  the  cost  of  the  same  mold  without  cams;  in  addition, 
dies  are  used  to  pierce  all  holes  and  trim  the  flange.  In  this  case,  the 
manufacturer  chose  to  tool  the  part  for  a  minimum  piece  price,  since  he 
expected  that  the  part  would  be  in  demand  for  more  than  one  year. 

SAVINGS  IN  TOOLING 

The  above-mentioned  cost  comparisons  have  demonstrated  that  the  low 
cost  of  tooling  is  a  distinct  advantage  of  the  sheet-forming  process.  This 
“upper  hand”  that  sheet  forming  enjoys  over  other  processes  deserves  a 
more  detailed  explanation.  Because  the  forming  pressures  used  in  the 
process  are  low,  aluminum  castings  of  half-inch  wall  thickness  are  ade¬ 
quate  molds.  Although  considerable  cleanup  and  polishing  are  necessary, 
a  mirror  finish  is  not  required  because  the  face  of  the  part  normally  does 
not  touch  the  mold.  In  addition,  air  pressure  forms  one  side  of  the  mold, 
further  reducing  the  molding  cost. 


Lawnmower  Guard 

Process 

Material 

Piece 

Price * 

Tooling 

Cost 

Total  Package  Cost 
(Based  on  a 
Volume  of  5,000 ) 

Sheet  forming 

ABS-type  plastic 

$1.38 

$1,000 

$  7,900 

Injection  molding 

ABS-type  plastic 

$  .93 

$5,500 

$10,100 

Metal  drawing 

0.036"  sheet  metal 

$  .95f 

$9,500 

$14,250 

Aluminum  casting 

Aluminum 

$1.30f 

$3,000 

$  9,500 

*  Based  on  the  price  of  1,000  released  parts, 
t  Does  not  include  finishing  costs. 

TABLE  4 
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Molding  costs  are  somewhat  increased  when  undercuts  require  camming 
or  when  dimensional  accuracy  requires  machining,  for  molds  as  they 
are  cast  cannot  be  expected  to  be  accurate  within  1/32  inch.  Even  in  these 
cases,  however,  the  molds  cost  only  a  fraction  of  the  cost  of  die-cast, 
injection,  and  compression  molds,  or  of  steel  draw  dies.  Another  im¬ 
portant  advantage  of  tooling  for  sheet-formed  parts  is  that  the  same 
methods  used  in  the  fabrication  of  steel  (such  as  shearing,  piercing,  and 
using  shimmy  dies  and  rotary  trimmers)  can  be  used  in  fabricating  most 
plastics.  Also,  tools  used  for  high-volume  production  of  plastics  can  be 
lighter  in  weight  than  those  used  for  steel,  and  they  do  not  require  the 
hardness  needed  for  similar  production  quantities  in  steel;  this,  of  course, 
adds  up  to  a  lower  cost  of  fabricating  tools.  If  volume  does  not  warrant 
tooling  for  the  methods  used  to  fabricate  steel,  low-cost  tooling  methods 
similar  to  those  used  in  the  fabrication  of  wood  parts  are  satisfactory. 
The  cost  of  tooling  therefore  may  be  varied  considerably  to  suit  the 
volume  of  the  application. 

The  relatively  short  tooling  time  required  for  sheet  forming  is  still 
another  advantage.  Naturally,  tooling  time  in  this  process — as  in  all 
others — varies  with  the  complexity  of  the  part.  To  obtain  a  more  concrete 
idea  of  tooling  time,  let  us  review  the  tooling  process  for  an  automotive 
air-conditioner  shroud.  The  tooling  for  this  part  consisted  of  a  two-cavity 
mold,  a  cam  die  to  pierce  all  the  holes  in  the  front  and  sides,  and  a  horn 
die  to  make  the  top  and  bottom  cutouts.  The  first  production  was  run  on 
these  tools  six  weeks  after  the  part  design  was  finalized.  This  was  a  crash 
program,  and  time  had  been  allocated  and  steel  ordered  before  the  design 

was  finalized.  Normal  tooling  time  for  the  dies  involved  would  have  been 
10  weeks. 


Another  crash  program  involved  tooling  for  a  five-foot  plastic  boat. 
This  item  was  to  be  used  in  a  nation-wide  promotion  program,  and  timing 
was  extremely  important.  First  production  on  the  boat  parts  was  run 
four  weeks  after  the  tools  were  placed.  It  is  not,  of  course,  good  policy 
to  tool  on  such  a  tight  schedule,  for  costs  are  always  higher  and  quality 
usually  suffers.  There  are  occasions,  however,  when  an"  item  has  to  be 
marketed  quickly  and  it  is  then  that  tooling  time  plays  an  important 

part  Certainly,  few  processes  could  approach  the  tooling  time  required 
for  these  plastic  parts.  4 


To  further  emphasize  the  economic  advantage  enjoyed  by  sheet  form¬ 
ing  ecause  of  its  low  tooling  cost,  let  us  review  the  cost  picture  of  two 
parts  now  being  produced  by  the  sheet-forming  process  because  their 
volume  is  not  sufficient  to  justify  the  higher  tooling  cost  of  other  processes 
Remember  that  we  are  primarily  interested,  not  in  the  piece  price  or 

production3  volume'.  ^  ^  b-d  »  an  estimated 

The  lawnmower  guard  referred  to  in  Table  4  is  produced  from  ARS 
type  plastic  sheet.  It  is  used  on  the  drive  of  a  rotary  mower  The  *7  qnn 
total  package  cost  using  the  sheet-forming  process  is  $1,600  lower  than 
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Headlight  Panel 

Process 

Material 

Piece 

Price 

Tooling 

Cost 

Total  Package  Cost 
( Based  on  Two-Year 
Volume  of 

500  Rights  and 
500  Lefts) 

Sheet 

forming 

ABS-type  plastic 

$4.49 

$  930 

$5,420 

Metal 

fabrication 

Sheet  steel 

$2.61 

$4,700 

$7,310 

TABLE  5 


that  of  any  of  the  other  processes  considered.  As  indicated  in  the  table, 
the  $1,600  saving  is  realized  because  the  low  tooling  cost  more  than  offsets 
the  high  piece  price.  The  figures  listed  indicate  that  the  piece-price 
saving  obtained  by  using  injection  molding  equals  the  tooling-cost  differen¬ 
tial  at  a  volume  of  10,000.  This  is  not  necessarily  true,  however,  since 
the  prices  of  both  parts  would  be  reduced  as  volume  increased.  The  in¬ 
creased  volume  would  no  doubt  make  it  advisable  to  tool  for  more 
efficient  fabrication  of  the  sheet-formed  part.  Because  of  the  many  factors 
affecting  costs,  it  is  important  that  the  same  volume  estimates  be  used  in 
costing  each  process. 

A  panel  used  for  mounting  headlights  on  a  bus  body  is  a  similar  example, 
except  that  much  lower  volumes  are  involved.  This  part  is  also  produced 
from  ABS-type  plastic  sheet.  The  comparison  of  the  costs  of  fabricating 
this  part  in  plastic  and  in  steel  (Table  5)  is  based  upon  a  vendor  supply¬ 
ing  the  plastic  part  in  releases  of  250  rights  and  250  lefts  and  a  bus  body 
manufacturer  drawing  the  part  in  sheet  metal  in  the  same  quantities.  Al¬ 
though  the  bus  body  manufacturer  could  produce  the  metal  part  for 
approximately  60  per  cent  of  the  cost  of  the  plastic  part,  he  would  have  to 
invest  five  times  as  much  in  tools.  The  metal  tools  are  obviously  a  bad 
investment  because  a  four-year  volume  would  be  required  for  the  piece- 
price  advantage  to  equal  the  tooling  differential.  In  this  case,  sheet  form¬ 
ing  provides  a  saving  even  though  setup  charges  for  extrusion,  forming, 
and  fabrication  operations  represent  a  substantial  portion  of  the  piece 

price-  ....  , 

Another  advantage  of  the  sheet-forming  process  is  its  ability  to  produce 
prototypes  from  wooden  molds  at  low  costs.  The  process  is  often  used 
for  prototype  work  even  when  it  is  known  that  a  different  process  will  be 
used  in  production.  For  instance,  we  tooled  for  a  furniture  drawer  on  a 
wooden  mold  so  that  the  manufacturer  could  show  the  product  with  a 
minimum  of  investment.  The  total  cost  of  the  mold  and  12  samples  was 


^Although  I  have  been  painting  a  rosy  picture  of  sheet  forming,  I  would 
be  the  first  to  admit  that  this  process,  like  all  others,  has  many  disadva 
.ages  The  materials  used  are  expensive,  and  those  whieh  are  avatlable 
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do  not  always  have  the  properties  needed  for  a  particular  application. 
Even  though  considerable  progress  has  been  made  in  controlling  sheet 
thickness,  there  are  many  applications  in  which  this  control  is  impractical 
— if  not  impossible.  The  disadvantages  associated  with  any  sheet-drawing 
operation — such  as  inability  to  vary  material  thickness,  mold  bosses,  or 
form  T  sections — also  apply  to  this  process.  Also,  fabrication  is  often 
difficult,  and  fabricated  edges  are  not  always  satisfactory  without  additional 
operations. 


STYLING,  MARKETING,  AND  INVESTMENT 


Perhaps  the  most  significant  point  about  sheet  forming  is  the  role  it 
can  play  in  the  revolution  we  have  been  experiencing  in  marketing  during 
the  past  few  years.  Following  the  example  set  by  the  automotive  industry, 
more  and  more  fabricators  are  using  styling  and  design  to  stimulate  de¬ 
mand  by  creating  “obsolescence”  of  last  year’s  model.  Through  the  use 
of  bright  and  lasting  colors  and  interesting,  attractive  contours,  the  stylist 
can  create  a  warm  appeal  in  plastics  that  is  not  possible  in  metals.  A 
further  advantage  is  that  the  low-cost  tooling  required  for  sheet  forming 
allows  the  stylist  to  approach  the  market  frequently  with  new  concepts 
and  ideas — with  relatively  little  risk  in  investment.  This  low  tooling  cost 
also  makes  it  possible  to  concentrate  investment  on  improving  the  basic 
functional  product,  thereby  increasing  its  efficiency  and  reducing  its  cost 
without  loss  of  market  appeal. 


As  markets  get  more  competitive,  the  use  of  sheet  forming  undoubtedly 
will  play  an  even  more  prominent  role  in  the  “facelifting”  of  models:  It 
will  allow  more  frequent  redesign  of  styled  plastic  components  to  create 
new  styles  and  new  models.  It  has  already  become  standard  practice  in 
the  refrigeration  industry  to  create  newly  styled  interiors.  A  large  refrig¬ 
erator  manufacturer  recently  had  an  unfavorable  show  reaction  on  two 
new  models.  The  corrective  action  taken  was  primarily  a  redesigning  of 
the  inner  door  liners  to  create  a  new  interior  styling.  These  complex  con¬ 
toured  parts  were  restyled  and  retooled  in  six  weeks  at  a  total  cost  of 
approximately  $6,000. 

Some  manufacturers  tool  initially  for  sheet  forming,  even  though  they 
know  that  the  part  could  be  produced  more  economically  by  another 
process  if  a  high  enough  volume  were  feasible.  This  procedure  allows 
them  to  try  a  market  before  making  a  large-scale  investment.  Sheet  form¬ 
ing  also  plays  an  important  part  in  the  “eye  appeal”  styling  of  many  items 
For  example,  one  manufacturer,  having  committed  himself  to  the  stvle  of 
a  ride-on  rotary  motor,  estimated  the  first  year’s  volume  between  a  mini¬ 
mum  of  4,000  and  a  maximum  of  10,000.  He  subsequently  found  that 
sheet  forming  was  the  most  economical  way  to  produce  the  seat  and  the 
shroud  and  both  of  these  parts  are  being  produced  from  ABS-type  plastic 
sheet.  The  total  tooling  cost  for  the  two  parts  was  approximately  $5  000 
about  10  to  15  per  cent  of  the  cost  of  the  same  Z  a  similar  design 


in 
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other  possible  processes.  Although  the  cost  of  the  parts  might  be  reduced 
as  much  as  50  per  cent  in  metals,  the  higher  tool  costs  would  far  outweigh 
the  saving  in  piece  price.  An  additional  advantage  of  the  plastic  seat  is 
the  elimination  of  the  inevitable  customer  complaints  about  rust  on  cloth¬ 
ing  after  the  paint  wears  off  a  metal  seat.  In  this  case,  then,  the  manufac¬ 
turer  has  realized  all  the  styling  and  economic  advantages  of  plastic  sheet 
forming.  The  bright  and  lasting  colors  and  attractive  contours  provide  an 
appealing  design  at  a  relatively  low  investment.  Furthermore,  consider 
the  possibilities  of  restyling  by  making  changes  in  the  handle,  seat,  and 
shroud:  With  this  flexibility  of  design,  the  manufacturer  is  in  an  excellent 
position  to  stay  far  ahead  of  his  competitors. 

*  *  * 

The  cost  comparisons  given  indicate  that,  on  large-area  thin-wall  parts 
requiring  deep  draws,  complicated  contours,  and/or  flexibility  of  styling, 
plastic  sheet  forming  affords  a  significant  economic  advantage.  Although 
low  volume  is  often  the  reason  for  this  economic  advantage,  it  is  impor¬ 
tant  to  remember  that  the  cost  of  sheet  forming  in  general  increases  at 
low  volumes.  Low-cost  tooling — one  of  the  major  advantages  of  the 
process — should  be  investigated  in  the  design  stage.  Existing  tools  have 
been  replaced  in  numerous  applications;  more  often,  however,  the  process 
is  chosen  because  of  its  low  tooling  cost. 

No  one  can  have  the  vision  to  predict  all  of  the  future  uses  of  the  sheet¬ 
forming  process.  History  tells  us,  however,  that  we  should  expect  the 
future  to  bring  what  today  would  be  considered  ridiculous,  impractical, 
and  impossible — because  those  are  the  things  that  the  ingenious  people 
of  the  world  will  reduce  to  routine. 
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THE  BRONZE  AGE,  which  ushered  in  the  use  of  metals  by  man, 
A  lasted  some  1,900  years.  The  Age  of  Plastics  began  approximately 
20  years  ago,  and  plastics  promise  to  be  every  bit  as  significant  in  the 
near  future  as  bronze  was  in  post-Stone  Age  days. 

Plastic  sheet  forming  has  come  a  long  way  in  a  short  time.  Early  in 
1940,  Fisher  Body  conceived  the  idea  of  making  a  completely  transparent 
automobile.  When  the  moment  came  for  the  drawing  operation,  several 
men  gathered  around  the  heated  plastic  sheet  with  pliers  and  stretched 
it  manually  over  the  male  die.  The  female  die  was  then  placed  on  top, 
and  the  two  were  drawn  together.  On  the  books,  tooling  was  shown  as 
relatively  inexpensive.  Actually,  the  cost  of  producing  one  such  body 

was  approximately  $100,000 — they  had  neglected  to  figure  in  the  cost 
of  the  human  drawing  ring. 

A  little  later,  W.  I.  Beach  developed  a  technique  of  post-forming 
thermoset  plastic  sheet.  Until  that  time,  it  had  been  assumed  that  the 

material  could  not  be  softened  and  reformed.  This  was  another  giant  step 
forward. 


During  the  war,  the  U.S.  Army  Corps  of  Engineers  was  faced  with 
the  problem  of  making  relief  maps.  It  successfully  carried  through  the 
idea  of  pre-printing  the  physical  features  of  terrain  and  making  a  master 
mold;  sheet  plastic  was  then  formed  over  the  master  to  produce  the 

maps.  Thus,  relief  maps  were  made  available  economically  in  the  laree 
quantities  needed.  h 


These  are  but  scattered  instances  of  the  spectacular 
plastics  industry  in  the  past  few  years. 


progress  of  the 


PLUSES  IN  PLASTIC 


No  one  plastic  incorporates  all  the  qualities  needed  for  all  tvDes  of 
applications.  Almost  invariably,  however,  there  is  at  least  one  Static 
that  meets  the  requirements  of  a  specific  application.  The  following  are  a 
few  such  requirements  which  have  been  successfully  fulfilled  by  plasUcs 
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Transparency.  Clear  and  colored  plastics  with  this  characteristic  are 
readily  available.  The  safety  glass  in  automobile  windshields,  for  ex¬ 
ample,  is  constructed  by  cementing  two  sheets  of  glass  to  a  sheet  of 
plastic.  A  colored  plastic  sheet  can  be  used  at  the  top  to  cut  down  glare, 
while  the  bottom  is  left  clear  for  maximum  visibility. 

Lightness  in  Weight.  Plastic  is  lighter  than  wood  or  paper  only  if  it 
is  made  thinner.  (The  specific  gravity  of  plastics  runs  from  0.92  to  1.42.) 
It  can,  however,  be  made  thinner  than  other  materials  for  many  applica¬ 
tions  in  which  lightness  is  essential. 

Translucency.  Light  for  a  large  room  is  often  screened  through  a 
translucent  formed-plastic-sheet  ceiling. 

Brilliant  Color.  Plastics  can  be  made  in  colors  ranging  from  light 
pastels  to  jet  black.  This  characteristic  is,  of  course,  important  for  sales 
appeal.  Further,  color  may  be  incorporated  throughout  the  article  rather 
than  applied  merely  to  the  surface;  if  properly  formulated,  it  will  not 
rub  off. 

Resistance  to  Damage.  Plastic  can  be  made  highly  resistant  to  shock, 
chemicals,  and  fire. 

Adaptability  to  Finishing.  Plastics  can  be  given  a  high  gloss  or  a  flat 
finish.  Also,  the  sheet  can  be  decorated  “in  the  flat”  before  it  is  formed. 

One  of  the  outstanding  advantages  of  plastics  is  the  comparatively 
short  time  required  for  tooling.  During  World  War  II,  for  instance,  the 
company  in  which  I  worked  was  building  a  number  of  trainer  planes  on 
order  for  the  Royal  Canadian  Air  Force.  Through  an  oversight,  no  pro¬ 
vision  was  made  for  the  control  panel  until  the  other  parts  were  nearing 
completion.  The  company  turned  to  plastics.  An  indented  sheet  (contain¬ 
ing  numbers,  instrument  designations,  and  so  forth)  was  made  by  forming 
a  plastic  sheet  over  a  wooden  block.  Delivery  was  made  on  the  parts 
within  two  weeks.  The  operation  was  quite  expensive,  but  it  kept  the 
line  moving — and  saved  money  in  the  long  run.  For  ordinary  operations, 
of  course,  low-cost  tooling  usually  means  high-cost  finishing. 


IDEAS  AND  POSSIBILITIES 

New  ideas  meet  stiff  resistance  in  the  plastics  industry,  just  as  they  do 
everywhere  else.  In  my  more  than  30  years  in  the  plastics  industry,  I 
have  never  tried  to  sell  a  new  idea  and  received  an  initial  response  of, 
“That’s  a  fine  idea;  I’ll  build  the  tools  tomorrow!”  There  is,  in  short,  a 
lot  of  “blood,  sweat,  and  tears”  involved  in  any  successful  plastic  product. 
There  is  always  someone  who  will  say  that  it  can  t  be  done. 

Some  of  this  skepticism  is  warranted,  however,  for  we  are  all  otten 
euiltv  of  “lying  with  statistics” — that  is,  we  decide  what  we  want  to  prove 
and  then  search  only  for  figures  that  will  prove  it.  In  certain  negotiations 
between  a  large  auto  manufacturer  and  a  labor  union,  for  example,  bot 
the  company  and  the  union  are  said  to  have  used  the  same  curve  to 
“prove”  their  points;  the  only  difference  was  that  the  company  took  one 
part  of  the  curve,  and  the  union  took  a  different  part. 
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Even  so-called  “logical”  reasoning  can  be  subject  to  personal  prejudice 
and  ignorance.  A  Western  business  man  who  wants  to  develop  a  market 
for  beef  in  China  might  state  the  situation  this  way:  “There  are  450 
million  people  in  China;  few  Chinese  have  enough  meat  to  eat;  therefore 
we  can  sell  almost  unlimited  quantities  of  beef  at  a  dollar  a  pound.”  An 
objective  examination,  of  course,  reveals  that  although  there  is,  indeed, 
a  scarcity  of  meat  among  the  450  million  Chinese  in  China,  few  of  them 
could  afford  to  pay  a  dollar  a  pound  for  beef — or  anything  else. 

In  considering  the  growth  and  prospects  of  the  plastics  industry,  where 
the  facts  themselves  are  so  impressive,  there  is  certainly  no  need  for  such 
self-deception  as  this. 


A  GROWING  GIANT 

The  history  of  the  aluminum  business  convinced  me  some  time  ago 
that  plastic  sheet  forming  would  become  an  important  industry.  People 
in  the  plastics  industry  commonly  think  of  the  aluminum  industry  as  a 
die-casting  and  structural-sheet  business;  in  1955,  however,  42.6  per  cent 
of  all  aluminum  produced  was  in  plates  and  sheets  which  were  later 
formed.  Also,  during  the  10  years  following  World  War  II,  extruded 
shapes  accounted  for  the  greatest  growth  (from  8.2  per  cent  in  1946  to 
28  per  cent  in  1955).  It  seems  obvious  to  me,  then,  that  a  similar  portion 
of  the  plastics  industry  should  be  devoted  to  sheet  forming.  Of  an 
annual  tonnage  of  approximately  4  billion  pounds,  40  per  cent  ( 1 .6  billion 
pounds)  should  be  formed  sheet  plastic.  Looking  to  the  near  future,  an 
annual  tonnage  of  10  billion  pounds  is  just  around  the  corner;  that  should 
mean  a  volume  of  4  billion  pounds  for  sheet-formed  plastic.  These  esti¬ 
mates  are  actually  conservative  in  view  of  the  work  going  on  in  labora¬ 
tories  across  the  country. 

Unfortunately,  the  return  on  investment  in  one  plastics-fabricating  in¬ 
dustry  is  somewhere  in  the  neighborhood  of  3  per  cent  (according  to  a 
survey  published  by  Tarbell  Company  in  1956);  therefore,  profits  hardly 
justify  investment.  In  the  metal-fabricating  business,  on  the  other  hand, 
return  on  investment  was  approximately  8  per  cent  in  1953.  I  am  looking 
orward  optimistically  to  the  development  of  new  techniques,  materials 
and  machinery  which  will  make  possible  a  better  return  on  investment’ 
One  of  the  current  difficulties  in  the  industry  is  the  mistaken  belief  that 
very  little  capital  is  necessary  to  get  into  the  plastics  business;  actually 
equipment  has  steadily  grown  more  complex-and  more  expensive  We 
need  better  machinery  to  handle  our  products  more  rapidly  and  efficiently 
and  I  believe  that  we  will  soon  get  it— at  a  reasonable  cost.  Beyond  that’ 
new  uses  and  improvements  especially  in  the  packaging  industry  make 
imminent  a  full  flowering  of  the  Age  of  Plastics.  aice 
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A  CONVERTER  is  a  man  or  a  company  that  converts  raw  material 
into  a  finished  product  and  sells  it  to  an  interested  consumer.  This 
function  in  itself  would,  I  am  sure,  justify  the  existence  of  such  a  business, 
and  many  operate  on  just  that  basis:  The  consumer  places  an  order,  the 
converter  makes  the  product,  the  consumer  pays  the  bill,  and  everybody 
is  happy.  If  we  look  a  little  more  closely,  however,  we  will  find  that  there 
are  many  different  types  of  converters.  The  basic  operation  of  a  thermo¬ 
former  (under  which  heading  I  include  the  vacuum  former  and  the 
pressure  former)  involves  forming  and  cutting  a  thermoplastic  sheet,  and 
delivering  it.  Other  converters  often  expand  from  a  different  type  of 
operation  into  thermoplastics.  Paper  Package  Company  of  Indianapolis, 
for  example,  is  basically  a  manufacturer  of  folding  cartons,  setup  boxes, 
spiral-wound  paper  tubes,  fabricated  transparent  covers,  and  (most 

recently)  thermoformed  plastic  products. 

Paper  Package  Company  has  been  active  as  a  paperboard  converter 
for  the  past  60  years.  Why,  when  we  were  rather  successful  in  our  chosen 
branch  of  the  packaging  industry,  did  we  (and  many  other  converters  o 
our  type)  branch  out  into  a  completely  alien  field?  The  discussion  that 
follows  will,  I  believe,  cast  some  light  upon  this  question— and  thereby 
possibly  clarify  for  others  some  of  the  important  packaging  trends  tha 
must  be  observed  in  keeping  products  (and  companies)  up  to  date. 


FROM  PAPERBOARD  TO  PLASTICS 

At  Paper  Package  Company,  we  have  had  a  particularly  good  oppor- 
,ut£y  *  observe  packaging  trends,  and  we  b-  followed  then,  dose  y 
from  era  to  era.  Our  company,  a  subsidiary  of  Eli  Lilly  and  Company, 
was  originally  established  only  to  supply  the  parent  firm  with  packages. 
Over  the  years  we  have  expanded  to  the  point  where  our  parent  com- 
pany-sfill  the’largest  of  our  customers-now  takes  less  than  a  quarter 
of  our  entire  output.  As  a  supplier  for  a  well-diversified  pharmaceutical 
business  we  have  had  to  supply  not  only  setup  boxes  but  also  folding 
cartons  folding  boxes,  spiral-wound  tubes,  and  many  other  specialized 
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types  of  packaging.  Whereas  a  large  company  ordinarily  goes  to  many 
different  suppliers  to  fill  its  packaging  requirements,  Eli  Lilly  has  expected 
us  to  supply  all  of  these  items.  The  result,  of  course,  has  been  a  great  deal 
of  diversification  in  the  types  of  packaging  that  we  have  been  able  to 
supply.  This  diversification  in  turn  has  involved  the  acquisition  of  a 
great  number  of  different  types  of  machinery.  In  the  setup  business  we 
could  not  have  merely  the  standard  Stokes  &  Smith  wrapping  machines; 
we  also  had  to  have  New  Jersey  strippers.  In  folding  we  could  not  stay 
with  folding  cartons  alone;  diagonal-fold  and  Simpac  boxes  were  neces¬ 
sary.  In  addition,  we  have  had  to  design  and  produce  a  great  number  of 
special  packages. 

In  one  way,  this  diversification  has  been  our  greatest  strength  in  our 
struggle  with  competitors.  It  could,  of  course,  have  become  a  weakness, 
because  a  company  which  has  to  go  in  many  different  directions  simul¬ 
taneously  does  not  concentrate  on  any  one  field  as  strongly  as  a  one- 
product  firm.  It  has,  however,  tended  to  keep  us  on  our  toes:  We  have 
always  had  to  know  the  latest  packaging  trends  to  be  ready  to  enter  new 
fields  as  they  opened  up.  From  a  mechanical  standpoint,  we  have  become 
well  enough  equipped  to  handle  just  about  anything  that  comes  along  in 
the  paperboard  packaging  field. 

Large  companies,  of  course,  demand  more  than  just  the  ability  to  fill  an 
order.  The  very  fact  that  we  were  the  only  packaging  firm  selling  to  Eli 
Lilly  made  it  mandatory  that  we  be  at  all  times  able  to  supply  the  latest 
developments.  Packaging  does  not  stand  still — it  moves  constantly  for¬ 
ward,  and  in  various  lateral  directions. 

During  the  years  when  setup  boxes  were  predominant,  we  had  a  rather 
large  setup  operation.  We  had  a  large  so-called  “stripping-machine”  op¬ 
eration,  which  made  a  special  type  of  setup  box  particularly  suited  for  one 
of  the  products  Eli  Lilly  produced  in  large  quantities  (approximately  30 
million  units  a  year).  The  operation  ran  24  hours  a  day,  seven  days  a 
week. 


While  we  were  thus  blissfully  running  setup  boxes,  however,  a  new¬ 
comer  made  itself  felt  in  the  field.  The  folding  carton  had  many 
advantages  over  the  setup  box:  It  could  be  made  faster  and  cheaper. 

Perhaps  its  greatest  advantage  was  that  it  could  be  filled  automatically _ 

a  feature  which  made  possible  a  tremendous  speedup  in  general  opera- 
tions  and  of  course,  extensive  cost  savings.  Eli  Lilly  finally  informed  us 
that  the  days  of  the  stripper  were  over:  The  particular  item  that  we 
were  manufacturing  was  going  to  be  put  in  folding  cartons.  Although 
we  had  a  few  months  m  which  to  adjust,  a  whole  department  soon  found 
itself  without  work.  A  good  portion  of  the  balance  of  our  setup  depart 
ment  also  began  to  undergo  the  changeover  to  a  folding  operation  £ 
most  other  industries  had  also  reached  the  conclusion  fhat  the  setup  box 

bo"  mUCh  St°rage  Space’  ^a.  a  && 

Not  many  years  passed,  however,  before  the  folding  carton  began  to 
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be  elbowed  around  by  a  new  item:  the  cellophane  bag.  This  bag  packaged 
the  product  transparently,  thus  giving  merchandising  a  new  look.  The 
folding  carton  recovered  quickly  from  the  first  jolt,  however,  and  trans¬ 
parent  windows  in  folding  boxes  soon  became  an  everyday  item.  But 
the  bag  trend  did  not  stop  there:  The  cellophane  bag,  which  also  had  its 
faults,  was  supplemented  by  the  polyethylene  bag. 

Other  types  of  transparent  wraps  also  appeared,  and  the  folding-carton 
manufacturers  began  to  realize  that  bags  were  taking  over  certain  areas 
in  merchandising.  We  at  Paper  Package  Company  observed  the  trend  and 
made  adjustments  for  it.  The  old  saying,  “If  you  can’t  whip  ’em,  join 
’em,”  seemed  to  be  the  best  answer.  Approximately  ten  years  ago  we 
undertook  experiments  with  transparent  packaging.  We  began  with  the 
fabrication  of  acetate,  an  operation  similar  to  that  in  a  setup  box  plant. 
A  piece  of  transparent  plastic  is  cornered  out,  creased,  and  cemented  at 
the  corners.  The  only  difference  in  our  operation  was  that  we  started  it 
with  fully  automatic  equipment  rather  than  with  the  hand  creaser.  This 
operation  has  been  going  on  in  our  plant  for  over  ten  years. 


THE  ADVENT  OF  VACUUM  FORMING 


The  fabricated  acetate  box  was  not,  however,  the  total  answer.  It  had 
the  disadvantages  of  the  setup  box,  and  its  use  was  more  or  less  limited 
to  a  comparatively  small  area.  In  the  meantime  we  had  observed  with  a 
great  deal  of  interest  the  advent  of  vacuum  forming.  Vacuum  forming 
created  a  stir  as  far  back  as  1936.  By  1946  it  was  an  established  industry 
for  many  firms.  When  forming  materials  became  available  again  after 
World  War  II,  many  small  companies  became  fascinated  by  this  new 
method  for  creating  transparent  packaging.  They  had  to  struggle  hard 
to  overcome  the  inertia  existing  in  industry— in  1946  anything  could  be  put 
into  a  paper  bag  and  sold.  Demand  was  great  in  the  postwar  days,  and 
no  one  was  concerned  with  new  methods  of  packaging.  Packaging  was 
still  primarily  a  method  of  bringing  a  product  safely  to  a  customer  in  a 

held-together  or  wrapped-up  condition. 

Even  at  that  time,  however,  there  were  several  vacuum  forming  ma¬ 
chines  on  the  market  which  are  still  in  operation  today  without  any  great 
number  of  alterations.  For  instance,  we  have  two  Borkland  machines 
which  have  a  great  deal  of  flexibility  and  are  versatile  pieces  of  equipment 


for  specialized  work.  .  ,  ,  ,  . 

The  first  great  breakthrough  for  vacuum  forming  came  with  the  advent 
of  high-impact  styrene.  High-impact  styrene  supplied  the  industry  with 
a  material  of  great  strength  that  could  be  utilized  to  great  advantage  m 
the  “battle  of  the  refrigerators.”  For  a  long  time  the  unanswerable 
Question  had  been:  What  can  be  done  with  a  refrigerator  to  change  it 
sufficiently— and  cheaply  enough-to  induce  the  housewife  to  buy  a  new 
one7  Refrigerators  were  simply  refrigerators.  The  cost  of  making  a  mold 
for  a  doo/liner  in  order  to  bring  out  a  new  model  was  something  like 

$75,000. 
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High-impact  styrene  changed  this  picture.  The  process  of  vacuum 
forming  lent  itself  ideally  to  making  quick  changes  for  new  developments. 
Doors  became  shelves  which  carried  butter  containers,  egg  crates,  bottle 
racks,  and  other  items.  The  mold  for  this  operation  was  comparatively 
inexpensive,  costing  approximately  $3,000  to  $5,000.  The  high-impact 
styrene  supplied  its  own  color  and  gloss,  and  the  many  variations  brought 
to  the  market  attracted  new  customers. 

At  first,  a  large  number  of  vacuum  formers  rushed  into  this  field.  In 
short  order,  however,  the  large  refrigerator  manufacturers  took  over  the 
operation  and  made  their  own  liners.  The  good — some  say  the  damage — 
had  been  done.  Companies  like  Auto- Vac  appeared  on  the  scene  and 
designed  machines  for  the  forming  of  heavy-gauge  high-impact  parts. 
Vac-Form  and  Form-Vac  were  others  which  began  developing  vacuum 
forming  machines  for  the  commercial  market.  The  same  machines  were 
soon  being  offered  and  sold  for  the  making  of  transparent  bubbles  or 
blisters  (or,  as  we  prefer  to  call  them,  “cavities”).  Again,  low  mold  cost 
and  versatility  were  the  order  of  the  day.  The  large  manufacturers  of 
sheet  materials  followed  suit.  Special  transparent  acetates  particularly 
suited  for  deep  drawing  appeared  on  the  market,  and  the  stage  was  all  set 
for  the  development  of  a  new  type  of  package. 


THE  TREND  TOWARD  SELF-SERVICE 

The  next  big  influence  on  the  packaging  industry  was  the  labor  shortage. 
Business  in  the  early  1950’s  was  booming,  and  labor  was  at  a  premium. 
Tiaining  in  most  jobs  was  inadequate — there  was  simply  no  time  for  it. 
The  businesses  which  suffered  most  were  the  stores — department  stores, 
grocery  stores,  and  the  then  budding  supermarkets.  In  department  stores 
and  elsewhere,  the  line  clerks  were  not  sales  personnel;  they  were  order 

takers.  Experienced  help  could  not  be  obtained,  and  labor  became 
expensive. 

Then  that  peculiar  American  phenomenon,  the  do-it-yourself  craze 
arose.  Many  people  wanted  to  buy  more  than  they  could  afford  ready¬ 
made,  so  they  began  to  purchase  parts  and  finish  the  articles  themselves 
The  same  do-it-yourself  idea  was  carried  over  into  the  purchasing  of 
every  ay  items;  the  Automat  was  one  of  the  groundbreakers.  Before 
long,  everyone  was  doing  it  himself— “it”  being  everything  from  picking 
up  merchandise  in  a  supermarket  to  parking  the  car.  The  whofe  idea 
was  to  eliminate  as  much  help  as  possible. 

Not  all  branches  of  the  merchandising  industry  followed  this  trend 
immediately;  in  fact,  many  of  them  are  still  only  on  the  venze  of  hL 
It  is  predicted  that  in  ten  years,  however,  one  out  of  every  three  stores  wdi 
be  a  self-service  outlet.  The  interesting  point  in  connection  with  tots 7'* 
is  shown  by  a  comparison  between  sales  in  a  supermarket  Jd  c  i  • 
department  store.  In  the  supermarket  the  annual  «  1  "  a,nd  sa  es  in  a 
$7,000  to  $20,000,  and  in  a  department  store  fromSfiOOn6^  T  fr°m 
In  other  words,  the  supermarket  is  much  more  efficient /urn •  3,°00' 

©  c  r 
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merchandise  than  the  department  store,  even  though  the  latter  has  a 
greater  number  of  clerks. 

At  any  rate,  the  labor  shortage  kept  up  the  pressure.  To  an  increasing 
extent,  stores  became  centers  where  merchandise  was  displayed  and  the 
customer  selected  his  purchase,  carried  it  to  a  cashier,  and  paid  his  bill. 
This  procedure  required  an  entirely  different  approach  to  packaging. 
During  the  1950’s,  designers  and  art  departments  worked  under  constant 
pressure  to  develop  packages  that  would  help  their  clients  outsell  the  com¬ 
petition.  In  effect,  the  package  had  to  sell  itself;  products  in  uniform 
packages  (from  the  standpoint  of  shape  and  size)  standing  side  by  side  on 
a  supermarket  shelf  had  to  distinguish  themselves,  and  all  efforts  were 
directed  toward  attracting  the  customer’s  attention.  Colors  became  wild, 
then  subdued.  Direct  display  by  means  of  transparency  in  the  package 
became  another  strong  selling  point. 

The  so-called  “bubble”  package  served  to  fill  another  requirement  on 
the  part  of  the  merchandiser.  Shelf  space  became  scarce.  When  there 
was  no  longer  room  for  merchandise  on  the  counter  and  on  the  walls, 
rack  merchandising  got  its  start.  And  what  could  lend  itself  better  to  this 
type  of  selling  than  a  card  and  a  cavity?  Once  hung  up,  the  product 
displayed  itself.  The  method  proved  particularly  effective  in  selling  im¬ 
pulse  items. 

There  are  many  success  stories  about  the  blister  pack.  One  item  that 
Sears,  Roebuck  and  Co.  had  been  selling  for  a  number  of  years  in  a 
folding  carton  had  to  be  brought  to  the  buyer’s  attention — most  people  did 
not  seem  to  know  it  existed.  After  the  item  was  displayed  in  a  blister 
pack,  its  annual  sales  increased  from  a  high  of  80,000  per  year  to  300,000 
per  year  during  the  first  year  of  operation — and  its  sales  have  been  in¬ 
creasing  ever  since.  ..  .  A 

There  were,  of  course,  many  other  transparent  packages  which  cli 

the  ladder  of  success  with  the  blister  pack.  Equipment  improved:  Hand- 
fed  Auto-Vacs  became  automatic  Auto-Vacs.  Vacuum  forming  gave  way 
in  part  to  pressure  forming.  (I  refer  here  to  the  high-pressure  forming 
methods  being  used  by  Plaxall  Incorporated,  Plastic  Artisans,  and  Paper 
Package  Company.)  The  higher  air  pressure  employed  in  pressure  forming 
hasVd  to  greater  precision  in  outlining,  better  distribution  of  material, 
and  faster  cycles  than  were  possible  in  vacuum  forming.  Another  advan¬ 
tage  is  the  elimination  of  the  separate  cutting  operation,  which  is  still  one 
Of  the  costly  features  of  vacuum  forming. 

the  challenge  to  converters 

p  ner  Package  Company  has  always  worked  hard  to  develop,  make,  and 

Paper  Package  P  y  had  started  0ur  pilot  operations  for 

sell  new  ag  B  J955  we  were  not  only  in  vacuum  forming  but  also 
vacuum  formi  g.  y  we  are  wor]cing  with  four  vacuum  forming 

in  pressure  forming.  y  acquired  a  machine 

that  e»rtorea»rSdes  of  a  cavity  for  the  insertion  of 
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a  paperboard  back  to  our  equipment.  We  call  it  a  track-pack  machine. 

Far  from  sitting  back  to  enjoy  the  status  quo,  however,  we  believe  that 
up-to-date  converters  are  just  beginning  to  show  their  value  to  their 
customers.  The  key  word  I  am  trying  to  surround  with  facts  in  this 
discussion  is  “trends” — trends  in  packaging,  trends  in  industry,  trends  in 
merchandising.  If  we  have  learned  anything  during  the  past  50  years, 
it  is  the  fact  that  packaging  never  stands  still.  The  product  that  is  the 
most  desired  in  our  catalogue  today  may  be  eclipsed  tomorrow  by  a 
new  one. 

A  converter  must  be  flexible  enough  to  offer  his  customers  an  all-around 
service.  He  must  not  be  concerned  only  with  the  particular  product  that 
he  currently  has  to  sell;  he  must  look  ahead  to  new  products  and  new 
markets.  If,  for  instance,  a  company  has  equipped  itself  to  do  only  a 
skin-forming  operation,  it  must  face  the  fact  that  it  has  invested  in  equip¬ 
ment  that  may  have  to  be  written  off  rapidly  to  avoid  the  consequences  of 
sending  a  product  to  market  in  a  package  that  is  no  longer  competitive. 
The  auto  industry  offered  a  prime  example  in  1957:  Ford  put  a  new 
package  around  its  engine  and  outsold  Chevrolet — which  had  tried  to 
make  its  package  last  just  one  year  too  long. 

In  a  way,  commercial  warfare  between  products  has  changed  just  ai> 
radically  as  shooting  warfare  between  nations.  In  a  shooting  war,  it  was 
formerly  possible  to  give  the  other  fellow  first  bite,  then  get  off  the  floor 
and  properly  trip  him;  it  is  no  longer  possible  to  do  this.  Similarly,  a 
product  cannot  afford  nowadays  to  lose  its  position  even  temporarily  to  a 
competitor.  Converters  must  always  be  alert  to  new  methods  of  display¬ 
ing  or  merchandising  products  in  order  to  take  a  share  of  the  new 
markets.  It  is  not  up  to  the  customer  to  be  conscious  of  this  need:  We 
must  present  the  new  item  to  him  and  let  him  decide  whether  it  is  time 
to  make  a  change.  In  order  to  do  that,  we  must  be  ready  when  the  market 
is  ready;  further,  we  must  anticipate  the  market  and  think  several  years 
ahead,  particularly  with  respect  to  the  new  techniques  and  the  develop¬ 
ment  necessary  before  they  can  be  ready  for  large-scale  production. 

Thermoforming  is  still  a  growing  young  giant,  yet  the  converter  must 
even  now  keep  a  wary  eye  on  other  packaging  methods  that  are  making 
themselves  felt.  Injection  molding,  for  example,  has  made  tremendous 
stndes.  Thin-walled  containers  may  very  easily  take  over  a  portion  of 
the  thermoforming  industry’s  present  market.  Thermoforming,  in  one 
form  or  another,  however,  is  undoubtedly  here  to  stay.  Although  todav 
we  think  primarily  o£  transparent  packages  when  we  talk  of  thermoform- 

tng  and  vacuum  forming  processes,  this  product  may  expand  into  the 
opaques  in  the  near  future.  ^  lie 

Many  packages  consist  of  several  parts.  A  blister  or  a  rartnn  „ 

is  not  a  full-fledged  package.  The  design  of  the  card  that  holds  the  bliste 
1S,J,USt  “  ™P°rt.ani  aL‘hf  bliSter  itse|f — perhaps  more  so,  because  it  can 


add  so  many  features  to  the  package. 

Many  different  types  of  closures  must  be  developed.  The 


converter  may 
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even  have  to  go  into  the  actual  packaging  of  the  merchandise  in  order  to 
relieve  his  customer  of  an  investment  in  machinery.  The  latter  may  not 
be  able  to  justify  such  an  investment  for  his  one  packaging  job,  while  the 
converter  may  be  able  to  spread  the  cost  of  the  same  equipment  over  a 
number  of  packaging  operations. 

The  principle  of  change  also  applies  to  materials.  The  transparent 
vinyls  and  acetates  have  held  the  lead  in  thermoplastic  materials  in  the 
past,  but  a  newcomer  has  arrived.  Polyflex,  a  material  produced  by 
Plax  Corporation,  has  many  advantages  for  the  packaging  field.  This 
material  is  cheaper  than  acetate  and  is  dimensionally  more  stable.  It  is 
suitable  for  freezer  use  and  acceptable  for  food  products.  Polyflex 
promises  to  open  many  branches  of  the  food  industry  to  plastic  packaging. 
In  the  beginning  it  was  difficult  to  handle.  Converters  struggled  with  it, 
however,  and  are  now  able  to  form  it.  We  favor  this  material  not  only 
because  we  can  offer  it  to  our  customers  at  a  lower  price  but  because  it 
makes  a  better  product  for  them. 

Again,  let  me  emphasize  that  there  is  no  particular  package  that  is 
“supreme”  and  not  subject  to  further  improvement.  Change  is  constantly 
going  on,  although  it  may  not  be  immediately  apparent.  The  customer 
should  be  advised  in  advance  of  the  actual  arrival  of  a  new  material,  so 
that  he  can  make  plans  to  purchase  it.  Whereas  a  few  years  ago  skin 
packaging  seemed  to  be  an  ideal  form,  today  new  filling  equipment  has 
been  developed  that  could  conceivably  make  it  possible  to  fill  cavities 
with  a  product  and  seal  them  to  a  card  at  a  rate  of  speed  that  would  make 
skin  packaging  look  like  something  out  of  the  dark  ages. 

Many  other  new  materials  are  appearing  on  the  horizon.  Styrofoam  was 
originally  in  a  fabricated  form,  then  appeared  in  a  molded  form,  and  now 
is  in  a  form  that  looks  as  if  it  might  be  amenable  to  vacuum  forming. 
The  polyurethanes  will  offer  possibilities  for  many  new  and  interesting 
packages.  Linear  polyethylene  will  undoubtedly  revolutionize  many  fields. 
Alert  converters  are  carrying  on  experiments  with  all  of  these  products 
before  they  are  out  of  the  pilot  stage,  in  some  instances. 

The  converter  is  continually  faced  with  obsolescence  in  his  equipment. 
He  must  foster  change  today  in  order  to  produce  and  exist  tomorrow 
Some  day,  in  fact,  packaging  may  take  an  entirely  different  twist.  I  s 
emphasis  may  change  completely  in  the  space  of  a  few  years.  Packaging 
is  now  built  around  the  need  for  self-service:  We  try  to  make  packages 
outdo  each  other  on  the  supermarket  shelf;  we  hang  them  on  the  walls  l 
order  to  save  space.  In  short,  we  are  doing  all  of  our  thinking  in  Packag¬ 
ing  in  line  with  the  present  trend  of  trying  to  crowd  as  much  merchandise 
as8  possible  into  a  minimum  of  space,  while  still  giving  it  the  drawing 
power  necessary  to  get  the  customer  s  dollar. 

SUPERMARKETS— THE  END  IN  SIGHT? 

Product  manufacturers,  as  well  as  makers  of  packages,  should  keep  an 
eye  on  the  present  marketing  situation,  which  has  the  strange  appearance 
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of  an  edifice  threatening  to  topple  from  its  own  weight.  As  mentioned 
earlier,  it  is  predicted  that  in  ten  years  one  out  of  three  stores  will  handle 
its  sales  through  some  form  of  self-service.  Naturally,  the  first  image  that 
occurs  is  the  supermarket  type  of  store.  For  the  sake  of  speculation,  let 
us  take  a  closer  look  at  the  supermarket.  Is  it  the  final  merchandising 
answer? 

The  supermarket  is  built  on  John  Doe’s  need  for  a  number  of  staple 
items — bread,  meat,  milk,  soap,  and  a  comparatively  small  number  of 
canned  goods.  He  has  to  select  each  item  that  he  wants  from  a  large 
number  of  different  brands.  It  is  a  conservative  estimate  that,  for  every 
ten  items  he  intends  to  purchase,  he  has  to  choose  from  a  hundred. 

But  that  is  not  all.  There  is  a  pattern  in  the  setup.  He  usually  cannot 
find  the  ten  staple  items  that  he  came  to  purchase  side  by  side — chances 
are  that  they  will  be  widely  separated.  Other  items  that  are  purchased 
only  occasionally  are  placed  strategically  on  the  line  of  march.  From 
olives  to  scouring  pads,  all  are  lined  up  to  stir  his  impulse  to  add  them 
to  the  growing  pile  in  his  basket.  This,  is,  of  course,  an  excellent  sales 
technique,  but  there  is  a  big  question  involved:  How  many  minutes  does 
a  customer  lose  because  he  has  to  walk  the  additional  distance?  Even 
if  his  sales  resistance  is  excellent  and  he  does  not  purchase  a  single  im¬ 
pulse  item,  he  may  regret  having  bought  what  he  did  when  he  gets  to  the 
cash  register.  Shoppers  are  always  complaining  about  the  wait  at  the 
checkout  counter,  the  crowds  they  must  push  through,  and  the  general 
fatigue  brought  on  by  shopping.  The  effect  of  the  “quiet  screaming”  of 

high-styled  packages  on  the  customer’s  nervous  system  has  also  come  in 
for  criticism. 


Such  merchandising  may  be — and  is — defended  as  progress  which 
creates  large-volume  sales  and  puts  money  into  pay  envelopes.  The  fact 
remains,  however,  that  such  “progress”  seldom  exists  very  long  before 
someone  tries  to  improve  it  further.  In  Beverly  Hills,  California,  for 
instance,  one  distributor  runs  a  grocery  warehouse  with  a  telephone 
service  consisting  of  dozens  of  lines.  The  housewife  gives  her  order  over 
the  phone,  and  delivery  is  made  anywhere  in  the  city  for  50  cents  In  a 
way,  this  procedure  sounds  as  though  we  were  going  back  to  the  grocerv 
delivery  service  of  many  years  ago.  I  wonder,  however,  what  will  happen 
if  this  particular  venture  proves  successful— that  is,  if  there  are  enough 
housewives  who  are  tired  of  treading  the  mill  at  the  supermarket 
who  feel  it  is  worth  50  cents  to  be  able  to  place  an  order  over  the  tele 
phone  and  have  someone  deliver  it.  Perhaps  the  man  in  Beveriy  Hills 
has  found  a  chink  in  the  armor  of  present  supermarket  seUing  method 
Perhaps  he  feels  rightly  that’ national  advertising  mikes  hmtJe  , 

that  the  customer  can  make  his  choice  (I  bra"ds  80  P°Pu,ar 

himself  to  the  conflict  between  the  many  brands  on  V'?tbout  exP°s>ng 
this  approach  may  gradually  lead  to  a  mclasslficabol  'f  h''™5'  Perhaps 
into  a  sectionalized  selling  establishment  °  *  'e  suPcrmarket 

At  the  moment,  supermarkets  are  still  getting  bigger  and  bigger.  Be- 
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cause  of  their  great  size,  however,  they  carry  within  their  pattern  of 
operation  this  seed  of  destruction.  Telephone  shopping  in  the  future 
might  also  conceivably  result  in  putting  merchandise  once  again  into  very 
plain  packages,  because  the  package  will  have  become  unimportant.  On 
the  other  hand,  it  might  be  necessary  to  build  a  package  that  exercises 
a  semi-hypnotic  influence  on  the  customer  during  his  entire  lifetime,  forc¬ 
ing  him  to  order  the  same  brand  over  and  over  again.  Incentives  in  the 
form  of  premiums  placed  in  the  package  represent  another  means  of 
accomplishing  the  same  result. 

These  speculations  are  not  far-fetched,  especially  in  view  of  the  proven 
axiom  that  there  is  no  such  thing  as  a  final  answer  in  packaging  or  mer¬ 
chandising.  Each  approach  to  the  moving  of  merchandise  is  only  a  tem¬ 
porary  solution.  The  moment  a  package  has  been  designed  and 
completed  and  is  starting  for  the  shelves,  it  behooves  the  packager  or  the 
converter  to  send  his  most  far-sighted  lookout  to  the  tower  to  scan  the 
horizon  for  new  danger  signals.  In  my  estimation,  the  greatest  bonus  a 
converter  can  give  to  his  customer  is  this  “lookout  tower”  service.  To 
that  I  would  add  that  a  good  converter  must  be  equipped  to  handle  all 
phases  of  packaging  in  his  customer’s  best  interests.  In  short,  he  must 
be  willing  and  able  to  participate  as  a  part  of  his  customer’s  merchandis¬ 
ing  group. 


The  Application  of  Plastics 
To  Stage  Scenery  Construction 
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^ ANVAS  AND  WOOD  were  for  years  the  traditional  materials  for 
building  scenery.  The  effort  to  create  an  illusion  in  early  theatrical 
background  settings  usually  seemed  a  rather  brave  but  feeble  attempt  at 
achieving  realism.  The  play  was  the  thing,  however,  and  if  the  scenery 
helped  at  all  to  hold  interest,  it  was  considered  sufficient.  During  recent 
years,  of  course,  more  emphasis  was  placed  on  this  aspect  of  production. 
Often  the  designer  made  his  sets  as  much  an  integral  part  of  the  play  as 
the  lighting  and  directing.  These  sets  were  built  to  last,  and  if  a  producer 
had  enough  faith  in  a  play  to  raise  money  for  its  production,  he  certainly 
took  the  precaution  of  reinforcing  his  sets  against  the  rigors  of  touring. 
Consequently,  sets  were  designed  to  incorporate  all  the  known  adaptations 
for  handling,  trucking,  transportation  in  boxcars,  and  use  in  poorly  built 
theaters.  In  addition,  catastrophic  fires  brought  demands  for  impregnating 
the  materials  with  flameproofing  compounds.  Wood  had  to  be  top  grade, 
free  from  blemishes  and  knots;  a  knot  in  a  scenic  piece,  for  instance, 
meant  certain  repair  somewhere  along  the  line.  The  materials  also  had  to 
be  resilient  in  case  of  warping  or  jamming  in  transit. 

THE  IMPACT  OF  TELEVISION 


This  was  the  situation  in  the  scenery-making  industry  when  television 
began  producing  shows.  In  the  early  days  it  was  excitine  simnlv  tn  W,* 


iiv-u  uuwii  oy  tne  poor 
scope  was  too  great,  its 
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horizons  far  too  wide,  and  its  penetration  too  deep  for  such  restricted 
theatrical  effects. 

The  young  giant  was  moving  fast.  There  was  no  time  to  start  with 
fresh  new  designs  and  new  methods  of  scenery  construction;  instead,  there 
was  frenzy,  hurry,  last-minute  change,  and  a  deadline  to  meet.  The  rush 
to  set  up  the  show,  air  it,  strike  it,  and  set  up  another  show  in  its  place 
became  of  utmost  importance.  The  damage  to  canvas  scenery  in  transit 
between  our  studios  spread  about  Manhattan  was  appalling,  and  hurried 
substitutions  often  had  to  be  made. 

Experience  showed  that  dependence  on  canvas  as  a  major  material  was 
impossible,  and  the  great  search  began  for  materials  to  take  its  place. 
Metals  were  tested,  but  they  showed  a  lack  of  resilience.  For  instance,  a 
metal  piece,  having  taken  a  sharp  blow,  would  stay  sprung.  Various  com¬ 
positions  had  impractical  limitations,  and  it  fell  to  wood  to  play  an  even 
larger  role  in  set  construction.  We  used  plywood-framed  sections  covered 
with  canvas  to  receive  paint  more  evenly  for  all  our  flats  and  walls.  Doors 
and  windows  were  made  of  heavy  wood  in  order  to  resist  the  shocks  of 
transit,  and  it  soon  became  obvious  that  we  were  back  to  constructing 
scenery  for  the  road. 


A  MIRACLE  OF  MOLECULES 

Costs  were  extremely  high.  By  this  time  we  had  developed  a  con¬ 
siderable  inventory,  and  our  stock  units  generally  required  some  repair 
after  every  use.  Maintenance  was  an  ever-present  item  to  reckon  with. 
Then,  along  came  plastics  to  open  up  new  possibilities  for  scenic  back¬ 
grounds.  Here  was  a  material  which,  upon  close  inspection,  was  found 
to  have  not  only  all  the  desirable  characteristics  of  rigidity  and  pliability 
but  also  a  built-in  resistance  to  fire.  The  latter  feature  was  a  most  im¬ 
portant  point  to  us,  and  we  were  drawn  to  polyvinyl  chloride  mainly  for 

that  reason. 

The  application  of  this  miracle  of  molecules  to  scenery,  props,  and 
related  uses  is  now  an  exciting  race.  It  has  become  a  dynamic  challenge 
to  develop  this  material  to  our  uses.  Our  requirements  do  not  involve  a 
mass-producing  effort  of  a  single  item,  but  rather  the  custom-making  of 
unique  constituents.  We  believe  that  we  have  the  ability  and  the  creativity 
to  harness  polyvinyl  and  related  plastics  to  our  gainful  purposes. 

Our  Auto- Vac  machine  has  a  bed  of  6-  by  121/2-  by  2-foot  depth  of 
draw.  The  machine  had  just  been  set  up  when  the  order  came  into  our 
carpenter  shop  to  make  18  doors  for  a  scene  de^ctmg  the  demohtion  of 
a  building;  the  contours  and  sizes  had  to  be  varied.  We  decided  P 
Auto-Vac  to  work.  We  quickly  found  that  by  placing  the  mulhons  and 
mouldings  and  the  rails  and  panels  on  a  three-quarter  p  y  as®,  C°“ 
juggle  them  around  in  such  a  manner  as  to  get  an  infinite  vanety  of  facings 
and  lengths  We  were  further  elated  when,  at  the  finish  of  the  show,  we 
were  abt  to  vacuum-form  the  material  for  other  purposes.  Had  we 
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processed  this  job  in  wood,  the  doors  would  probably  have  been  thrown 
out  afterward,  simply  because  the  cost  of  labor  for  salvaging  would  have 
been  far  greater  than  the  worth  of  the  material  saved. 

Whole  sections  of  shingles  and  clapboard  siding  can  be  stapled  on  now 
in  minutes,  whereas  once  it  took  hours.  Columns,  trees,  rocks,  rails,  and 
concrete  slabs  are  not  the  heavy  cumbersome  pieces  we  once  handled,  and 
storage  problems  are  modified  by  retaining  only  the  original. 

We  see  bright  days  ahead  in  plastics  for  scenery  and  backgrounds.  We 
are  aware  that  phenolics  and  other  resin  compounds  are  being  used  in  a 
related  industry,  and  we  intend  to  engage  these  materials  for  whatever 
advantage  they  can  offer.  Plastics  have,  indeed,  entered  the  stage  on  cue, 
and  many  new  starring  roles  await  them  in  the  near  future. 


The  Role  of  Formed  Plastics 
In  the  World  of  Tomorrow 

A  Presentation  by  Monsanto  Chemical  Company, 
Springfield,  Massachusetts 


1.  The  Shape  of  Things  to  Come 

RALPH  F.  HANSEN 

Manager,  Market  Development  Department 


THE  AMERICAN  free  enterprise  system  has  served  us  so  well  that 
our  complacency  could  not  have  been  disturbed  by  anything  less  than 
a  sputnik.  The  direct  Soviet  challenge  to  our  freedom  will  be  met  by  an 
unprecedented  defense  budget  which  could  impair  our  economy  if  it  is 
not  kept  healthy.  Of  the  many  factors  contributing  to  a  sound  economy, 
the  production  and  marketing  of  more  and  better  consumer  products  are 
the  most  important.  Although  its  specific  points  may  be  contested,  I 
subscribe  to  a  philosophy  of  (1)  innovation  rather  than  substitution,  (2) 
accelerated  style  obsolescence,  and  (3)  saving  to  spend  on  goods ^ or  in¬ 
vestments  rather  than  to  hoard.  We  can  no  longer  live  with  the  use  it 
up,  wear  it  out,  make  it  do”  philosophy  of  the  Coolidge  era.  Americans 
are  restless  people,  and  constantly  seek  change.  Our  economy  cannot 
exist  merely  by  fulfilling  needs:  We  must  create  wants  as  well,  and 

translate  these  wants  to  purchases. 


THE  IMPORTANCE  OF  INNOVATION 

No  raw  materials  have  contributed  more  to  innovation  in< c°"s“™r 
products  than  have  plastics.  The  wide  variety  of  thcrmoformmg  sh«t 
materials  that  have  been  developed  has  opened  up  many  new .markete. 
Styrene  held  almost  the  entire  plastic  housewares  market in  1952  Smce 

then,  however,  polyethylene  has  captured  more  an  J  polyethylene 

market  by  more  than  doubling  its  size.  The  big  ticket  P01^"? 
items  (such  as  dishpans,  baby  baths,  and  buckets),  which  were  formerly 
made  of  other  materials,  have  opened  up  a  whole  new  market  for  plastics 
Clearly  ^  growth  of  the  plastics  indus.iy  as  a  whole  depends  greatly 
upon  the  inventiveness  and  daring  of  designers  and  fabricator  . 
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Innovation  has  been  defined  as  “imaginative  and  creative  thinking.” 
At  Monsanto,  we  have  endeavored  to  organize  this  creative  process  by 
coordinating  market  development  and  marketing  research.  Blind  innova¬ 
tion  for  the  purpose  of  change  is  seldom  of  much  value  on  the  market;  as 
Charles  Smith  of  McKinsey  &  Company  has  indicated,  a  potential  market 
must  be  thoroughly  researched  before  any  attempt  is  made  to  serve  it. 
In  short,  product  innovations  must  satisfy  not  only  a  functional  need  but 
also  an  unfulfilled  desire.  Close  cooperation  between  marketing  research 
and  market  development  can  uncover  both  functional  needs  and  hidden 
desires  which,  translated  into  new-product  designs,  can  motivate  the  con¬ 
sumer  to  purchase.  For  instance,  approximately  90  per  cent  of  American 
families  wash  and  dry  dishes  by  hand — and  consider  it  a  chore.  Market 
research  told  us  that,  for  economic  reasons,  automatic  dishwashing  equip¬ 
ment  can  penetrate  this  market  only  to  a  limited  extent.  The  creative 
process  of  market  development  indicated  as  an  alternative  a  dishpan  that 
would  eliminate  the  drying  stage  from  the  hand  dishwashing  process;  this 
was  accomplished  to  a  certain  extent  with  the  new  “wash  ’n  rinse”  plastic 
dishpan  now  on  the  market. 


TOMORROW'S  MARKET  FOR  PLASTICS 


The  national  market  for  plastic  products  can  now  be  divided  roughly 
into  four  major  categories:  housing  materials,  home  furnishings  (furniture 
and  household  equipment),  food  packaging,  and  automotive  equipment. 
I  shall  discuss  each  of  these  areas  of  the  market  briefly  and  cite  a  few 
examples  of  plastic  products  being  used  in  them. 


Plastics  for  Housing.  The  Home  Improvement  Council  expects  the 
consumer  to  spend  over  $30  billion  on  housing  in  1959.  To  obtain  its 
share  of  the  market,  the  plastics  industry  has  turned  its  attention  to  formed 
plastic  for  such  items  as  walls,  ceilings,  dormers,  and  bay  window  case¬ 
ments.  We  built  the  Monsanto  House  of  the  Future  to  test  plastics  in 
construction  applications  and  to  stimulate  interest  in  the  prefabrication 

ot  large  sections  in  various  curved  forms  (a  difficult  architectural  task 
with  other  materials). 


ThIhv-t^°nSa?  °u  H?USe  °f  the  Future  points  toward  more  open  living 
The  kitchen  of  the  future,  for  instance,  may  be  circular;  a  “lazy  susaffi’ 

floor  may  allow  the  housewife  to  twirl  herself  from  one  work  Center  to 

another  without  moving  anything  but  her  arms  In  brief  the  Vitoh 

CeThe'°  £  a  willed  off  f rr;he  livingLd  db 

of  cha„ge:Lrr2:t;cStp;h:ir,oo;lT:irgeTLshz:  tiz desree 

sssya  sri  tzrzoZ  i  r,ded  %  tw° 

space  which  is  easily  cleaned  and  readily  accessible.  0ry"mstalled  storaSe 
Plastics  for  Home  Furnishings  The 
furnishings  in  keeping  with  its  modern,  fuZona,  PerhapsThe 
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one-legged  pogo-stick  principle  in  furniture  developed  by  Richard  Neagle 
is  still  too  far  in  advance  of  market  demand  for  mass  production,  but  it 
does  serve  to  stimulate  the  consumer’s  desire  for  more  transitional  pieces. 
A  chaise  longue,  for  instance,  can  be  made  by  thermoforming  two  pieces 
of  plastic  and  adding  a  urethane  foam  cushion. 

“Saturation”  is  a  term  seldom  used  by  marketing  people.  By  combining 
market  research  with  market  development,  it  is  possible  to  determine  when 
consumer  demand  for  a  product  is  falling  off  because  of  widespread  owner¬ 
ship  of  one  design.  A  successful  change  in  design  through  innovation  can 
obsolete  the  old  model  and  create  a  new  market.  For  example,  the  electric 
iron  replaced  the  flatiron,  and  the  steam  iron  is  now  taking  over  the 
electric  iron’s  market.  A  new  iron  is  undoubtedly  on  the  drawing  board — 
perhaps  in  the  form  of  a  “thermic  rod”  that  needs  only  to  be  waved  over 
the  article  to  erase  wrinkles. 


Plastics  for  Food  Packaging.  There  are  claims  that  consumer  food¬ 
buying  habits  are  being  measured  from  the  rate  of  eye  blinks  to  that  of 
saliva  flow.  Developments  in  the  market  have  already  indicated  that  the 
piastic  package  conveys  the  story  of  its  contents  in  a  highly  motivating 
manner.  Plastic  containers  are  being  made  for  candy,  cookies,  cakes, 
fresh  produce,  meats,  and  eggs.  The  old-fashioned  way  of  merchandising 
tomatoes  was  in  a  wooden  lug;  later  they  were  sold  in  a  cardboard  tray 
overwrapped  with  cellophane.  Three  vacuum-formed,  fully  transparent 
oriented-styrene  packages  introduced  by  Monsanto  at  the  AMA  packaging 
show  in  1955  are  now  being  market-tested  with  a  high  degree  of  success. 

Two  new  design  concepts  in  rigid  packaging  which  are  being  developed 
for  Monsanto  are  a  vacuum-formed  styrene  package  for  cookies  and  a 
completely  transparent  egg  carton  with  a  convenient  carrying  handle. 

Plastics  for  Automotive  Equipment.  In  approaching  a  new  market,  it 
is  necessary  to  determine  as  far  as  possible  the  esthetic  as  well  as  the 
functional  need.  Consider,  for  instance,  how  far  we  have  progressed  in 
accelerating  style  obsolescence  in  the  automotive  field.  When  a  consumer 
buys  a  car,  he  spends  a  substantial  sum  for  esthetic  features  to  gain 
prestige  or  acquire  a  status  symbol.  As  in  the  case  of  General  Motors 
Firebird,  a  design  prototype  can  often  be  used,  beyond I  its  functional  pur¬ 
pose,  to  arouse  the  buyer’s  interest.  From  such  a  start,  Ford  s  Thunderbird 
design  evolved  into  a  four-passenger  car  for  which  the  demand  exceeds 
production  capacity.  The  Monsanto  prototype  automobile,  developed  by 
Pratt,  combines  improved  safety  features  with  a  seating  arrangement  that 

m the^nneoveatioPnsTformed  plastics  a*  being  d-ctcd  toward  reducing 
the  many  benchwork  operations  which  add  so  much  to  the  cost  of 
mobile  interiors. 

*  *  * 

Tt  in  rrnrket  research  that  industry’s  best  chances  for  stimulating, 
generating,  or  delecUng  new  ideas  he.  Although  the  market  researcher 
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should  certainly  be  sensitive  to  such  ideas,  however,  they  are  not  his  basic 
responsibility.  It  is  here  that  the  advantages  of  a  close  association 
between  the  product  development  and  market  research  functions  are  most 
apparent. 


11.  The  Future  for  Therniofortning 

ELI  A.  HADDAD 

Assistant  Director,  Technical  Service 


np  HE  PLASTICS  INDUSTRY  today  is  a  vast,  expanding  complex  of 
various  sciences,  arts,  and  practices  in  such  diverse  fields  as  chemistry, 
physics,  styling,  fabricating,  and  merchandising.  Fascinating  and  full  of 
opportunities,  this  new  industry  captures  the  imagination  of  all  who  par¬ 
ticipate  in  it,  and  we  at  Monsanto  have  dedicated  our  efforts  to  its  growth 
and  well-being.  Marvelous  strides  have  been  made  in  the  technologies  of 
production,  materials,  machinery,  and  merchandising.  There  is,  in  short, 
intensified  integration  in  an  industry  whose  basic  materials  are  inherently 
versatile  and  responsive  to  intelligent  planning. 


PROGRESS  OF  A  PROCESS 

When  contemplating  the  future,  it  is  often  illuminating  to  look  to  the 
past.  In  the  early  stages  of  the  plastics  industry,  molding  processes  such 
as  compression  and  lamination  held  the  center  of  the  stage.  As  the 
industry  grew,  many  new  offspring  processes  such  as  transfer  molding 
extrusion,  casting,  injection  molding,  and  bottle  and  container  blow- 
mo  ing  joined  the  family.  Some  of  these  processes  have  matured  to  the 

economy Cre  ^  ^  ^  F°leS  °f  major  imPortance  in  the  plastics 

Thermoforming  is  a  relatively  new  member  of  the  molding  family  and 
t  seems  destined  to  become  a  giant.  In  the  past  two  yearsf  it  has-been 

and 

The  statement  that  thermoforming  will  reach  mnnt  °P  •  . 

sometimes  questioned.  Although  thrT  nrnrp«  ,g  t  ProP°rtions  is 

War  II,  and  was,  in  fact,  used  du ri^he^a  it  d  d  nnT “ ,before  World 
volume  until  1951,  when  approximated  ?  d  d  not/chieve  significant 
sheet  were  consumed  in  the  industry  Y  By  1954*  P°Unds  of  thermoplastic 
used.  Industry  sources  indicate  that  the  rate  nf  „  ~  -2“  Pounds  were 

estimated  usage  of  200  million  pounds  by  I960  ^  mcrease  to  an 

multiply  in  size  100  times  in  the  short  span^ ‘  rf  ™Qmdustry  thas  will 
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stride,  indeed.  This  tremendous  growth  and  development  in  thermoform¬ 
ing  can  be  traced  to  the  two  basic  advantages  of  the  process:  It  can  be 
used  economically  to  form  parts  which  have  a  large  area  in  proportion 
to  their  thickness,  and  the  relatively  low  tooling  cost  and  short  tooling 
time  it  entails  make  possible  a  high  degree  of  process  automation  and 
versatility. 


FUEL  FOR  THE  FIRE 

The  future  for  thermoforming  is  clearly  identified  with  the  past  and 
the  future  of  the  plastics  economy.  Consider  some  of  the  polymers  which 
have  risen  to  prominence  in  the  past  20  years  or  so:  polyvinyl  chloride, 
polystyrene,  polyethylene,  the  acrylonitrile-butadiene  copolymers,  nylon, 
and  polyesters  (including  polyethylene  terephthalate).  These  polymers 
are  a  few  of  the  giants  of  the  modern  plastics  industry.  Others  not  yet 
as  prominent  but  growing  in  status  rapidly  are  the  fluorine-  and  silicon- 
containing  materials,  the  polyethers,  and  the  isocyanate  families. 

From  a  materials  point  of  view,  it  is  significant  to  note  that  all  of  the 
plastics  mentioned  thus  far  (with  the  exception  of  the  silicon  materials) 
have  in  common  a  carbon-to-carbon  linkage  as  their  molecular  skeleton. 
Few  of  them,  however,  can  be  used  at  temperatures  above  300°C,  and 
not  many  can  be  exposed  to  the  weather  for  more  than  a  year  or  two 
without  deteriorating.  Paradoxically,  the  diamond,  which  is  pure  carbon, 
is  highly  resistant  to  high  temperatures  and  the  ravages  of  weather,  and 
can  be  used  to  machine  steel.  Strengthening  the  carbon  linkage  is  a  basic 
challenge  to  the  polymer  chemist.  Many  new  plastics  are  being  studied 
in  laboratories  throughout  the  world,  and  it  is  quite  certain  that  there 
are  at  least  one  or  two  whose  special  properties  will  soon  achieve  com¬ 
mercial  success.  As  far  as  we  can  see,  however,  the  carbon  chain  will 
continue  to  form  the  molecular  skeleton  in  new  plastics,  even  though  the 
differences  in  their  properties  will  no  doubt  be  important  commercially. 

There  will,  then,  be  new  plastics,  but  not  such  a  flood  of  invention  and 
discovery  as  that  which  astonished  us  in  the  early  1930  s.  This  is  not 
because  of  a  lack  of  academic  effort  or  because  imagination  has  diminished 
since  the  1830’s,  when  so  many  of  today’s  plastics  were  formulated 
test  tubes  only  to  lie  undeveloped  for  over  a  century.  Radical  new 
approaches  for  plastics  improvement  and  development,  however  are 
evolving  from  associated  studies  and  new  technological  breakthroughs  in 
chemistry  and  physics  as  pure  sciences.  The  chemistry  of  the  heteroge 
ecus  catalysts  isolated  by  Ziegler  and  Natta,  when  associated  with  polymer 
science  led  to  novel  reactions  and  the  wholly  new  polyolefin  °PP°rtu™" 
ties  New  crystalline  polymer  forms  have  subsequently  emerged,  a 
p  “due"  "uc?as  polypropylene  and  polya.phabuty.ene  -e  be.ng  rea  ed 
through  the  tender  stages  of  commercial  development.  Rad.atmn  tech 

, __r,  associated  with  macromolecular  science  at  Brooknave 
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are  in  purer  form  and  are  endowed  with  physical  properties  different  from 
those  derived  by  other  methods.  Polyethylene,  methyl  methacrylate,  and 
polyvinyl  acetate  are  a  few  of  these  materials.  The  plastics  of  tomorrow 
are  with  us  already. 

A  BETTER  JOB  AT  A  LOWER  PRICE 

Materials  development  has  already  surpassed  the  capability  of  existing 
conversion  equipment,  but  the  plastics  industry  has  its  eye  fixed  firmly  on 
1960,  when  it  is  predicted  that  the  production  of  plastic  materials  will  rise 
to  6  billion  pounds — an  increase  of  50  per  cent  over  1956.  This  prospect 
is,  indeed,  alluring,  and  it  promises  new  plants,  expanded  product  lines, 
and  increased  profits. 

We  do  a  lot  of  crystal  gazing  in  the  plastics  industry,  and  we  are  prone 
to  talk  about  such  things  as  plastic  “houses  of  the  future”  with  one-piece 
molded  bathrooms,  giant  plastic  domes  to  cover  baseball  fields,  plastic 
trains,  and  plastic  solar  distilleries  to  convert  salt  water  to  fresh  water  for 
whole  cities  to  drink.  And  far  be  it  from  me  to  hedge  or  say  that  our 
industry  will  not  fulfill  these  predictions.  A  practical  and  realistic  justifica¬ 
tion  for  our  optimism  can  be  found  in  the  fact  that  plastics  are  rapidly 
replacing  traditional  material  in  many  applications.  Plastics  are  obviously 
doing  the  job  better,  or  they  would  not  have  been  adopted.  In  the  matter 
of  dollars  and  cents,  the  price  of  metals  is  traditionally  upward,  the  price 
of  plastics  downward.  Also,  many  traditional  construction  materials  are 
becoming  more  and  more  difficult  to  extract.  We  face  not  only  a  gradually 
diminishing  supply  of  basic  raw  materials  but  an  increasing  population — 
and  in  this  equation  lies  a  great  long-range  opportunity  for  plastics. 

There  are  other  indications  that  the  plastics  industry  is  growing  fast 
which  give  us  less  joy:  In  some  uses,  plastics  are  replacing  other  plastics. 
This  is,  of  course,  a  natural  occurrence  in  a  business  in  which  new  and 
improved  materials  are  being  developed  with  great  frequency.  A  classic 
example  is  the  rapid  succession  of  different  types  of  automobile  safety- 
glass  inner  layers,  as  cellulose  nitrate  gave  way  to  cellulose  acetate,  which 
in  turn  yielded  to  polyvinyl  butyrate. 

This  chemical  progress  will  have  great  impact  on  such  fields  as  packag¬ 
ing,  automotive  equipment,  and  housing.  Thoroughly  representative  of 
our  chemical  century,”  the  plastics  industry  offers  a  challenge  to  all 
elements  of  the  business  community  to  keep  abreast  of  its  relentless 
progress.  There  are  still,  of  course,  definite  limitations  with  respect  to 
the  extent  and  speed  of  plasties  development  and  application  if  pas° 
patterns  are  any  guide  developments  will  come  in  gradual  steps.’  P 

The  cry  at  all  levels  of  the  thermoforming  industry  is  for  improved 
resms,  new  formula!, ons,  new  concepts  in  product  application  7d  new 
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Know  Your  Packaging  Materials 


Today’s  markets  stress  the  importance  of  packaging  as  a  contributing 
factor  to  company  profits.  The  increasing  variety  and  quantity  of  products, 
new  distribution  patterns,  and  changing  consumer  demands  have  spurred 
the  development  and  improvement  of  packaging  materials.  To  provide  the 
latest  information  in  this  area,  AMA  offers  this  new,  revised  edition  of  a 
basic  reference  guide  first  published  as  Packaging  Series  46.  Largely 
rewritten  to  include  recent  technical  developments  in  this  fast-changing 
field,  this  publication  discusses  the  principal  packaging  materials:  their 
characteristic  properties,  limitations,  and  applications.  Many  new  tables, 
charts,  and  illustrations.  Management  Report  5.  $3.00  ( AMA  mem¬ 
bers:  $2.00) 


Company  Studies  in  Packaging  Cost  Reduction 

Case  studies  of  actual  company  experience  in  reducing  packaging  costs. 
Representatives  of  both  consumer-  and  industrial-goods  industries  describe 
the  packaging  practices  and  innovations  which  are  part  of  their  successful 
cost-reduction  programs.  All  aspects  of  these  programs  are  considered, 
including  organization  and  administration,  package  design  and  specifica¬ 
tion,  and  quality  control.  Packaging  Series  54.  $1.75  ( AMA  members: 

$1.00) 
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Essentials  of  Machinery  Procurement  and  Development 


Drawing  on  company  experience,  this  AMA  report  discusses  important 
aspects  of  capital-equipment  procurement:  financial  and  tax  considerations, 
techniques  for  safeguarding  the  buyer,  procurement  problems  m  a  multi¬ 
plant  company,  and  equipment  budgeting.  Includes  a  detailed  case-study 
analysis  of  a  company-wide  procurement  and  development  program. 
Special  Report  14.  $2.50  (AMA  members:  $1.75) 
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The  American  Management  Association  is  a  non-profit  educa¬ 
tional  institution  dedicated  to  finding,  developing,  and  sharing 
better  methods  of  management.  Its  more  than  27,000  members 
are  engaged  in  a  continuing  program  of  education -“of  manage¬ 
ment,  by  management,  for  management.”  Publications  such  as 
this  are  one  means  through  which  the  Association  provides  a 
broad  interchange  of  management  experience  and  information. 
Others  include  conferences,  seminars,  courses,  research  studies, 
•  ~  an  executive  compensation  service,  a  library,  and  a  management 
information  bureau.  The  Association  publishes  four  periodicals: 
The  Management  Review,  Personnel,  Supervisory  Man- 
agement,  and  Management  News. 
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